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CCCXX.—Strychnine and Brucine. Part VI. The 
Catalytic Hydrogenation of Strychnine and Some 
Derivatives. 


By ALBERT EDwaRD OxForRD, WILLIAM HENRY PERKIN, jun., 
and RoBERT ROBINSON. 


THE motive of this investigation was our desire to gain further 
knowledge of the function of the characteristic groups and of the 
nitrogen and oxygen atoms in the molecule of strychnine, and we 
directed our attention in the first place to the question of the 
unsaturated centres. The results show clearly that strychnine 
contains one double bond. According to Skita and Franck (Ber., 
1911, 44, 2863), the reduction of strychnine in dilute acetic acid 
solution by means of hydrogen in presence of palladium (from 1% 
palladous chloride in presence of gum arabic) yields a dihydro- 
strychnine, m. p. 209—210°, but the volume of hydrogen stated 
to have been absorbed is only about half of that theoretically 
required. Owing to an erroneous calculation of the latter, Skita 
and Franck considered that the correct amount had been absorbed. 
Repetition of the experiment swnder the conditions employed by 
these authors gave negative results, but under other conditions 
we obtained dihydrostrychnine, C,,H,,0.N,, which crystallised well 
from aqueous methyl alcohol with 2H,O, and when anhydrous 
had m. p. 220—222°. Skita and Franck make no mention of the 
water of crystallisation, and they state, further, that the catalytic 
reduction of strychnine under 3 atm. pressure at 70° yields tetra- 
hydrostrychnine, identical with the substance obtained by the 
electrolytic reduction of strychnine. It is certain, at least, that 
our dihydrostrychnine could not be an intermediate product in 
the latter process. Just as strychnine, C,,H,.0,N,, by electrolytic 
reduction yields strychnidine, C,,H,,ON,, and tetrahydrostrychnine, 
C,,H,,0,N,, by conversion of -CO-N: into -CH,°N: and -CH,(OH) 
+NH:, respectively (Tafel, Annalen, 1898, 301, 301), so, in the 
same manner, dihydrostrychnine yields dihydrostrychnidine (A),* 
C,,H,,ON,, m. p. 212—214°, and hexahydrostrychnine, C,,;H,,0.Ng, 
m. p. 197—199°. Furthermore, catalytic reduction of strychnidine 
gave dihydrostrychnidine (A) and catalytic reduction of tetra- 

* Two dihydrostrychnidines, C,,H,,ON,, have been prepared during the 
course of our investigations, and we propose to designate by (A) the substance 
described in the present communication, m. p. 212—214°. The isomeric 
dihydrostrychnidine (B) melts at 151° and is obtained from strychnidine 


by reduction with hydriodic acid and phosphorus. An account of the interest- 
ing properties of this substance will form the subject of a communication to 


be published in the near future. 
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hydrostrychnine gave hexahydrostrychnine, identical with the 
bases already mentioned. The dehydration of tetrahydrostrychnine 
to strychnidine is also paralleled by the similar conversion of hexa- 
hydrostrychnine into dihydrostrychnidine (A). The further reduc- 
tion of these substances by hydrogen in presence of catalysts could 
not be accomplished, and dihydrostrychnine is characterised by 
its stability towards oxidising agents. It seems certain that the 
strychnine molecule contains only one double bond, and Tafel’s 
view of the relation of strychnine to strychnidine and tetrahydro- 
strychnine is amply confirmed. Although, therefore, dihydro- 
strychnine contains the -CO-N: group, we have not found it possible 
to demonstrate this by the preparation of dihydrostrychnic acid, 
and it is evident that the reduction has stabilised the lactam ring. 
At one point, we have made a contact with the investigation 
described in Part IV (this vol., p. 1617), since dihydrostrychnidine (A) 
methosulphate yields methoxymethyltetrahydrostrychnidine, m. p. 
220°, when it is heated with methyl-alcoholic potassium hydroxide. 
Methoxymethyltetrahydrostrychnidine was previously obtained by 
electrolytic reduction of methoxymethyldihydrostrychnidine, m. p. 
126° (loc. cit.), the product of the action of methyl-alcoholic potash 
on strychnidine methosulphate. It is evident that the double 
bond which resists electrolytic reduction in strychnidine may 
be readily saturated when methoxymethyldihydrostrychnidine is 
submitted to the same treatment. 

The examination of dihydrostrychnine has led us to consider 
further the important problem of the relation of strychnine to 
isostrychnine. On catalytic reduction isostrychnine yields dihydro- 
isostrychnine, C,,H,,0,N,,3H,0, m. p. 249—251°, and the same 
substance was more readily obtained from dihydrostrychnine by 
the action of warm alcoholic sodium ethoxide. This proves that 
the strychnine-isostrychnine isomerism in no way depends on a 
shift of the double bond, as had previously been assumed, and 
that the process involved in the conversion of strychnine into 
isostrychnine does not even require the presence of the double 
bond. All attempts to prepare acetyl and other similar derivatives 
of strychnine, strychnidine, dihydrostrychnine, and dihydro- 
strychnidine (A) have failed, but both isostrychnine and dihydro- 
isostrychnine yield monoacetyl derivatives. There is no evidence 
of the presence of imino-groups, and since the acetylisostrychnine 
and acetyldihydroisostrychnine are strong bases, they must be 
O-acetyl derivatives. Hence the interesting fact emerges that the 
change of strychnine to isostrychnine and of dihydrostrychnine 
into dihydroisestrychnine involves the appearance of a hydroxyl 
group. On the assumption, therefore, that isostrychnine contains 
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the group *CO-N: (see below), we know that the other groups in 
the molecule include a tertiary basic nitrogen atom, one double 
bond, and a hydroxyl group. It is of fundamental importance 
that isostrychnine contains only one double bond because oxygen 
can only occur as C:O, C-O-C, or C-OH, and if a substance con- 
taining a carbonyl or an ether group isomerises with the production 
of an alcohol the process must be accompanied by the formation 
of a new double bond or a new ring. Experiment excludes the 
former alternative and we must therefore accept the latter. On 
the hypothesis that strychnine contains an ether group, it becomes 
necessary to assume the occurrence of some such process as the 
slipping of a bond in pentamethylene oxide with formation of a 
hydroxycyclopentane. ‘This does not commend itself as a probable 
explanation: there are few analogous reactions and we cannot 
imagine that such a change would be brought about by the agency 
of sodium ethoxide in warm alcoholic solution. On the hypothesis 
that strychnine contains a carbonyl group, however, we can readily 
explain the appearance of a hydroxyl group in isostrychnine as 
due to an intramolecular condensation, ‘CO + CH? —> :C(OH)-C3. 
It is interesting that no parallel to the strychnine-isostrychnine 
transformation exists in the strychnidine and tetrahydrostrychnine 
series (see p. 2407), and this suggests that the -CO-N: group is 
directly concerned. If it should be proved in the future that 
strychnine is a ketone, then an acceptable explanation of the change 
of strychnine to isostrychnine is that expressed in the scheme 
‘CO + CH-CO-N: —> :C(OH)-C-CO-N: 

These considerations have necessitated the further examination of 
the reactions of isostrychnine. As stated above, it yields an 
O-acetyl derivative, but we have been unable to confirm the state- 
ment of Oliveri-Mandala and Comella (Gazzetta, 1923, 53, 627) 
that the base gives a crystalline semicarbazone, m. p. 215° (decomp.). 
In addition we were unable to obtain a phenylhydrazone of 1so- 
strychnine or a semicarbazone of dihydroisostrychnine. The argu- 
ment presented above, and indeed any theory implying that the 
hydroxyl group of isostrychnine is derived by modification of the 
function of the cryptic oxygen atom of strychnine (1.e., that oxygen 
atom not included in the -CO-N: group), can only be sustained if 
isostrychnine contains the -CO-N: group of strychnine. In favour 
of this view we may marshal the facts that isostrychnine is a mono- 
acid base, that it exhibits colour reactions of the strychnine type, 
that it yields isostrychnic acid on hydrolysis (Pictet and Bacovescu, 
Ber., 1905, 38, 2787; compare p. 2395), although the reverse 
change has not been accomplished, and that isostrychnic acid 
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exhibits colour reactions of the strychnidine type; nothing is 
known that is not in agreement with the suggestion that iso- 
strychnine contains this group. We have sought further con- 
firmation by studying the electrolytic reduction of isostrychnine 
and of dihydroisostrychnine, and have obtained new bases of the 
strychnidine type, viz., isostrychnidine, C,,H,ON,,1-5H,O, and 
dihydroisostrychnidine, C.,H,,0N,,0-5H,O, respectively. The latter 
must be designated dihydroisostrychnidine (a), since an isomeride, 
dihydroisostrychnidine (b), is obtained by the catalytic reduction 
of isostrychnidine. These bases exhibit many of the characteristics 
of strychnidine, and their preparation affords strong support to the 
view that isostrychnine contains the cyclic amide grouping. 


Y / Naot = 
| T etrahydrostrychnine Strychnine ——-> isoStrychnine 
| —— (C,,H,,0,N,) (C,,H,,0,N,) 
'3 4\3 
| oye > oye 
‘ | —Hexahydrostrychnine z Dihydroisostrychnine 
3 | | (Cz;H2,0,N,) 4 7 (C,H,0,N,) e 
3) « < Sh . g 
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g| 8 & aoe ——- é Ss 
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The following miscellaneous observations are included in this 
communication. Some further work on the coupling of strychnine 
derivatives with diazonium salts has been carried out. Reduction 
of sulphobenzeneazostrychnidine gives aminostrychnidine, C,,H,,ON3, 
and the striking colour reactions of this base establish beyond 
question that it is p-aminostrychnidine, the amino-group being in 
the para-relation to the nitrogen atom attached to the benzene 
nucleus in strychnine. It is, for example, convertible into an 
analogue of toluylene-blue and then into the eurhodine analogous 
to toluylene-red. 

The Schotten-Baumann benzoylation of strychnic acid was 
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expected to attack the ‘NH group that this substance is supposed 
to contain, and although we have isolated a definite product of 
the correct composition, yet its behaviour suggests that it is 
the mixed anhydride of benzoic and strychnic acids rather than 
N-benzoylstrychnic acid. 

In the course of abortive attempts to convert strychnidine and 
tetrahydrostrychnine into members of the isostrychnine series, it 
was found that on being heated with water in an autoclave at 
170—185° each of these bases was partly converted into an oxidation 
product. 

The scheme on page 2392 summarises the relationships of some of 
the substances discussed above. A more detailed examination 
of certain of the new bases now described is in progress, and the 
work is being extended to the brucine series. 


EXPERIMENTAL. 

Dihydrostrychnine.—All the catalytic reductions described in 
this communication were carried out in a flask fitted with an efficient 
stirrer with gas-tight packing. Norite (50 g., previously heated to 
redness) was added to a solution of palladous chloride (4 g.) in 
water (400 c.c.) containing a few drops of concentrated hydrochloric 
acid, and the mixture stirred in hydrogen until no further absorp- 
tion took place. A solution of strychnine (57 g.) in 50% acetic 
acid (200 c.c.) was then introduced and agitation continued for 
3—4 hours, during which 3,600 c.c. of hydrogen were absorbed 
(cale. for one double bond: 3,820 c.c.). The filtered liquid was 
basified with ammonia, whereupon practically pure dihydrostrychnine 
was precipitated in a crystalline condition (yield, 93%). The 
recovered catalyst may be reactivated by exposure to the air for 
a day and can be used at least 4 times, but in any one experiment 
1 g. of palladous chloride is unable to catalyse satisfactorily the 
reduction of more than 17 g. of strychnine. 

Dihydrostrychnine crystallises from 50% aqueous methyl alcohol 
in long, silky, colourless needles (Found: C, 68-3, 67-9; H, 7-5, 
7-4; N, 7:1; loss at 100°, 9-3; loss at 130°, 9-8. C,,H,,O,N,,2H,O 
requires C, 67:°7; H, 7-5; N, 7:5; 2H,O, 9:7%). The anhydrous 
base melts without decomposition at 220—222° (Found: C, 75-1; 
H, 7-1. C,,H,,0,N, requires C, 75-0; H, 7:2%). It dissolves in 
about 190 parts of boiling water and is sparingly soluble in cold 
water; it is readily soluble in cold ethyl and methyl alcohols, 
moderately readily soluble in cold benzene, and sparingly soluble 
in cold ethyl acetate and in boiling acetone, from which it separates 
in minute, compact prisms. The substance has a bitter taste similar 
to that of strychnine. The faintly acid solutions of dihydro- 
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strychnine develop no coloration on the addition of ferric chloride, 
and the base does not couple with diazobenzenesulphonic acid. 
With 60% sulphuric acid (by vol.) and potassium dichromate it 
gives an intense reddish-purple colour, slowly fading to a brownish- 
red. Attempts to obtain a semicarbazone of the base were fruit- 
less, and failure also attended an attempt to acetylate it by means 
of anhydrous sodium acetate and acetic anhydride, the dihydro- 
strychnine being recovered unchanged and identified by analysis 
(Found: C, 68-0; H, 7-6; N, 7-5%), by m. p., and by mixed m. p. 
(220° in each case). 

If the base contained the -CH(OH): group it should yield a ketone 
under the conditions used to change codeine into codeinone (Ach 
and Knorr, Ber., 1903, 36, 3070). Dihydrostrychnine (5 g.) was 
dissolved in a cold mixture of concentrated sulphuric acid (3-5 
c.c.) and water (31 c.c.); addition of finely powdered potassium 
dichromate (3 g.) with stirring produced an orange-coloured pre- 
cipitate, and when the mixture was heated for 20 minutes on the 
steam-bath a deep brownish-red solution was obtained, from which 
4 g. of pure dihydrostrychnine could then be recovered. 

Oxidation of the base with potassium permanganate was attempted 
under the conditions prescribed by Leuchs and Schwabel (Ber., 
1913, 46, 3695) for the oxidation of strychnine. Dihydrostrychnine 
dihydrate (15 g.), dissolved in chloroform (120 c.c.) and acetone 
(600 c.c.), was stirred with a little finely powdered potassium 
permanganate for 1 hour. Oxidation did not occur and the mixture 
was boiled for 3 hours with gradual addition of potassium per- 
manganate (30 g.), and then for 1 hour longer. The permanganate 
was destroyed, but 12 g. of dihydrostrychnine were recovered, and 
the working up of the manganese precipitate gave only a minute 
amount of a brown syrup that was not further investigated. 

Further catalytic hydrogenation of dihydrostrychnine was 
attempted at 100°, 0-6 g. of palladous chloride being used for 3 g. 
of the base. No absorption of hydrogen occurred, and the whole 
of the base was recovered unchanged. Attempts to convert 
dihydrostrychnine into dihydrostrychnic acid (e.g., by the method 
used by Tafel, Annalen, 1891, 264, 50, for the conversion of strych- 
nine into strychnic acid free from isostrychnic acid) gave either 
dihydroisostrychnine (see below) or an amorphous base melting 
over a wide range, but in no case was any satisfactory acid product 
isolated. It may be mentioned here that the catalytic reduction 
of strychnic acid in dilute acetic acid solution gave dihydrostrych- 
nine in good yield, but in all probability the strychnic acid was 
first converted into strychnine and then reduced. 

Dihydrostrychnine Methosulphate——A mixture of dihydrostrych- 
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nine (10 g.), methyl sulphate (6 c.c.), and benzene (120 c.c.) was 
boiled for 5 minutes, then cooled; the resulting solid crystallised 
from alcohol in fine, colourless rods, m. p. 322° (decomp.) with 
previous darkening from 300° (Found : C, 59-1; H, 6-4. C,3;H,,0,N,S 
requires C, 59-7; H, 65%). This derivative is readily soluble in 
water, but very sparingly soluble in cold alcohol or boiling ethyl 
acetate or acetone. When it was reduced in aqueous solution by 
4%, sodium amalgam (under conditions similar to those employed 
for strychnine methosulphate in experiments that will shortly be 
reported), no oily base separated and the brownish-red solution 
was not further investigated. The related methiodide was obtained 
in a similar manner by direct combination of the components. 
It is moderately readily soluble in water, very sparingly soluble in 
alcohol, and crystallises from a mixture of these solvents in stellar 
aggregates of colourless rods, that suffer slight discoloration between 
300° and 330° (Found : C, 53-8; H, 5-6. C,.H,,0,N,I,H,O requires 
C, 53:2; H, 5-8%). 

isoStrychnine and isoStrychnic Acid.—An attempt to repeat the 
preparation of the semicarbazone described by Oliveri-Mandala 
and Comella (loc. cit.) did not succeed, and isostrychnine was 
recovered unchanged (Found: C, 65-5; H, 7-2. Calc. for 

C,,H,.0,N,,3H,0 : 

C, 65:0; H, 7-2%). No other result was obtained when the sodium 
hydroxide prescribed by the above-mentioned authors was replaced 
by a large excess of sodium acetate. When the base (1 g.), together 
with phenylhydrazine (0-4 g.) and 6% acetic acid (3-5 c.c.), was 
heated for 3 hours on the steam-bath, the recoverable crystalline 
base was found to be unchanged isostrychnine, m. p. 220°, alone or 
mixed with an authentic specimen. 

The colour reaction of isostrychnine with 60° sulphuric acid and 
potassium dichromate differs somewhat from that of strychnine. It 
is a not very intense pure violet coloration, fading in a few seconds 
to a very pale brown. The conversion of isostrychnine into 
isostrychnic acid can be accomplished according to Pictet and 
Bacovescu (loc. cit.) by the action of boiling alcoholic sodium 
ethoxide (concentration not stated) during 6 hours. We find, 
however, that the yield is very small under their conditions. A 
mixture of isostrychnine trihydrate (4:5 g.) and alcoholic sodium 
ethoxide (from 0-7 g. of sodium and 7-5 c.c. of alcohol) was heated 
on the steam-bath for 6} hours, giving a deep brownish-red solution 
that exhibited a green fluorescence. After dilution with water 
(85 c.c.) and keeping for some hours in the ice-chest, nothing separ- 
ated and the solution was exactly neutralised with acetic acid. 
The slimy, red precipitate consisted chiefly of an insoluble pigment 
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and was extracted with hot water (charcoal); ultimately, colour- 
less, slender needles of isostrychnic acid (0-5 g.), m. p. 231° (decomp.), 
were isolated. The yield was increased to 40% when the hydrolysis 
was carried out for 11 hours at 60°. This material does not lose 
weight when heated at 140° for several hours (Found: C, 68-3; 
H, 7-1. Cale. for C,,H,,0,N,: C, 68-1; H, 7-0). We have found 
that isostrychnic acid cannot be reduced by hydrogen in presence 
of palladinised charcoal in dilute acetic acid solution. It is usually 
regarded as C,,H,,0,N,,H,O, but the facts suggest that the molecule 
of water may be constitutionally bound, e.g., by addition to the 
ethylene linkage. The acid is unchanged by boiling dilute hydro- 
chloric acid and under no conditions has it been reconverted into 
isostrychnine. The colour reactions indicate that the N—CO link 
has been broken, since they are of the strychnidine type. With 
ferric chloride in dilute hydrochloric acid solution a red colour 
develops slowly in the cold, but, on warming, the solution becomes 
intensely blood-red. Coupling with diazobenzenesulphonic acid 
occurs in cold dilute acetic acid solution to an azo-compound 
exhibiting the usual properties. Unlike strychnic acid (see below), 
isostrychnic acid could not be converted into a benzoyl derivative 
by the Schotten—Baumann method. 

O-Acetylisostrychnine.—Oliveri-Mandala and Comella (loc. cit.) 
found that isostrychnine, but not strychnine, reacts with magnesium 
ethyl bromide, yielding a molecular proportion of ethane. They 
attributed this to interaction of the Grignard reagent with an imino- 
group in the base; it seems more probable to us that the liberation 
of ethane is due to the presence of a hydroxyl group in the iso- 
strychnine molecule, and we can recall no evidence indicating that 
the substance is a secondary base. 

A mixture of isostrychnine (2 g.), fused sodium acetate (1 g.), 
and acetic anhydride (6 c.c.) was heated on the steam-bath for 
4 hours and considerable darkening occurred. The cooled mass 
was added to water, and the excess of acetic acid neutralised by 
sodium bicarbonate. The product was isolated by means of 
chloroform and crystallised repeatedly from light petroleum, a 
process which greatly diminishes the final yield. The acetyl deriv- 
ative crystallises in groups of minute, colourless needles, m. p. 
133—134° (Found: C, 73-3; H. 6-4. C,3H,4O,N, requires C, 73-4; 
H, 6-4%); it is readily soluble in most organic solvents and dis- 
solves at once in very dilute acetic acid, the addition of sodium 
hydroxide then producing a turbidity which soon clears, doubtless 
as the result of hydrolysis. 

Preparation of Dihydroisostrychnine—(A) By the catalytic reduc- 
tion of isostrychnine, Norite (12 g.) was palladinised (0-5 g. of 
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palladous chloride in 250 c.c. of water) as already described, and 
a solution of isostrychnine trihydrate (4-9 g.) in a few c.c. of dilute 
acetic acid was then introduced. The theoretical volume of hydrogen 
(340 c.c.) was absorbed in 5 hours; absorption then ceased suddenly. 
The filtered liquid was basified with dilute aqueous sodium hydr- 
oxide, a colourless oil being precipitated which solidified after 
being kept for along time. The dihydroisostrychnine was crystallised 
from benzene-light petroleum and then several times from water ; 
fern-like bunches of coarse, colourless needles, m. p. 244—246°, 
were thus obtained (Found: C, 64:7; H, 7:5. C,,H,,0,N,,3H,O 
requires C, 64-6; H, 7-7; 3H,O, 13-8%). 

(B) By isomeric change of dihydrostrychnine. Strychnine has 
been converted into isostrychnine in two ways: (1) by heating 
with water at 170—175° (Pictet and Bacovescu, loc. cit.; compare 
also Leuchs and Nitschke, Ber., 1922, 55, 3171, and Oliveri-Mandala 
and Comella, loc. cit.); (2) by heating with methyl-alcoholic 
ammonia under various conditions (Leuchs and Nitschke, loc. cit.). 
A third method (3) is indicated by the observation of Tafel (Annalen, 
1891, 264, 50) that strychnine yields isostrychnic acid as well as 
strychnic acid when it is heated with alcoholic sodium ethoxide 
at temperatures above 70°. The three processes have been applied 
to the transformation of dihydrostrychnine. 

(1) Dihydrostrychnine (1 g.) and water (25 c.c.) were heated in a 
sealed tube at 165—185° for 5 hours. Very little decomposition 
occurred (distinction from strychnine), and the aqueous solution 
was separated from the gummy residue and kept in the ice-chest. 
The gum solidified and was found to consist of unchanged material, 
whilst the solution deposited amorphous material which could be 
crystallised from water in slender, colourless needles, m. p. 237— 
238°. This product is slightly impure dihydroisostrychnine, as was 
proved by comparison with specimens prepared by other methods. 

(2) This method gave quite good results on a small scale, but 
an attempt to reproduce the conditions on a larger scale in an 
autoclave failed completely. A sealed tube containing dihydro- 
strychnine dihydrate (1-2 g.) and 25 c.c. of methyl-alcoholic ammonia 
(saturated at 15°) was heated at 120—140° (but not higher) for 48 
hours.: The tube was opened and the pale yellow liquid evaporated 
in a vacuum; the residue crystallised from water in colourless 
needles, m. p. 240—245° (Found :- C, 64:8; H, 7-8%). 

(3) This is the most satisfactory method of preparation, but the 
yield is greatly diminished if the operation is carried out on a 
larger scale. Dihydrostrychnine dihydrate (5 g., finely powdered) 
was added to an alcoholic solution (20 c.c.) of sodium ethoxide 


(0-5 g. of sodium), and the mixture heated on the steam-bath 
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until complete solution had been effected. The deep purplish-red 
liquid was boiled for 2 minutes, then cooled and maintained at 
44-46° for 6 hours. A yellow solid soon began to separate and 
eventually the liquid became filled with the crystals, forming a 
thick paste. After being cooled and kept in the ice-chest, the 
solid was collected, washed with a little alcohol, and dried (2 g., 
or 40%). Nothing further could be obtained from the alcoholic 
filtrate, which gave an amorphous precipitate on dilution with 
water. The base crystallised from water in bunches of colourless 
needles, m. p. 248—250° (Found: C, 65-1; H, 7-5; loss at 120°, 
135%). The anhydrous base crystallised from benzene-light 
petroleum in needles, m. p. 249—251° (Found: C, 74-6; H, 7-2. 
C,,H,,0,N, requires C, 75-0; H, 7-2%). 

The following mixtures had melting points that were higher than 
those of the lower-melting specimens in each case, the m. p.’s of the 
specimens being those already quoted above: (A) with (B2), (A) 
with (B3), (B2) with (B3). 

Dihydroisostrychnine dissolves in 90—100 parts of boiling water 
and is sparingly soluble in cold water, cold ethyl alcohol, boiling 
benzene or acetone; it is moderately readily soluble in boiling 
ethyl acetate, and readily soluble in chloroform, cold methyl alcohol, 
and hot ethyl alcohol. It gives no ferric chloride reaction, and 
addition of potassium dichromate to its solution in 60% sulphuric 
acid produces an intense purple coloration, persisting for a minute 
and then fading to a light reddish-brown. Attempts to prepare a 
semicarbazone were quite unsuccessful, and it was found that the 
further catalytic hydrogenation of the base at 70° could not be 
accomplished. There was some evidence, in that a weak Lieber- 
mann reaction was observed, that the base gives a nitrosoamine, 
but the isolated product (Found: N, 66%) was the unchanged 
base. Probably the crude material contained a trace of an ester 
of nitrous acid resulting from the interaction of the acid with the 
alcoholic hydroxyl group of the base. The methosulphate is a 
readily soluble gum, but the methiodide crystallises from alcohol 
containing a little water in groups of thick, colourless rods, m. p. 
320° (decomp.) with darkening from 310° (Found: N, 6-2. 
C..H,,0,N,I requires N, 5:9%). It is sparingly soluble in hot 
alcohol and readily soluble in cold water. 

O-Acetyldihydroisostrychnine.—A mixture of dihydroisostrychnine 
(1 g.), fused sodium acetate (0-5 g.), and acetic anhydride (3-5 c.c.) 
was heated on the steam-bath for 3 hours. The product was 
decomposed by water, the acid neutralised by sodium bicarbonate, 
and the base extracted by chloroform. After removal of the solvent 
in a vacuum, the residue crystallised from light petroleum, con- 
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taining a little benzene, in rods which were recrystallised several 
times from light petroleum without material alteration of the 
m.p. The slender, colourless needles thus obtained had m. p. 202— 
204° (Found: C, 72-9; H, 7:1. (C,,H,,0,N, requires C, 73-0; 
H, 69%), and m. p. 190—195° when mixed with dihydroiso- 
strychnine. O-Acetyldihydroisostrychnine is immediately soluble in 
dilute acetic acid, and on the progressive addition of sodium 
hydroxide a turbidity appears and then disappears; on keeping, 
this solution deposits dihydroisostrychnine in needles. 

Preparation of Dihydrostrychnidine (A).—(I) By catalytic hydro- 
genation of strychnidine. The reduction of strychnidine could not 
be accomplished at the ordinary temperature, and under the 
following conditions it gave good results on a small scale only. 
A violently agitated mixture of norite (4 g., previously heated to 
redness) and palladous chloride (0-4 g.) dissolved in very dilute 
hydrochloric acid (100 c.c.) was allowed to absorb hydrogen, and 
when no further change occurred a solution of strychnidine (3 g.) 
in 67% acetic acid (30 c.c.) was introduced and the flask immersed 
in water at 65° (renewed when it cooled to 50°). After 3} hours 
the volume of hydrogen absorbed was 190 c.c. (theory, 210 c.c.) 
and absorption ceased. The base was precipitated from the filtered 
liquid by means of sodium hydroxide, and the grey granules were 
collected and dried in a vacuum (yield, 50%; m. p. 200—209°). 
The substance, crystallised from methyl alcohol and then from 
light petroleum, formed small, well-defined, colourless tablets, m. p. 
212—214° (Found: C, 78-3; H, 7-9. C,,;H,,ON, requires C, 78-3; 
H, 8-1%). When crystallised from methyl alcohol the base forms 
large, glistening, colourless leaflets (Found: C, 78-6; H, 8-0%). 
Dihydrostrychnidine (A) is not appreciably soluble in boiling water, 
but it is readily soluble in cold ethyl alcohol, benzene, or carbon 
tetrachloride; it is moderately readily soluble in hot ethyl acetate, 
and sparingly soluble in boiling acetone and light petroleum. 
Unlike strychnidine, it gives only a faint coloration when ferric 
chloride is added to its solution in an excess of dilute hydrochloric 
acid; a rose-red coloration develops on warming. If only a trace 
of hydrochloric acid is present, an intense coloration develops a 
few seconds after the addition of ferric chloride. As explained in 
Parts IV and V (this vol., pp. 1595, 1662), this behaviour is closely 
connected with the strength of the substances as di-acid bases, 
and is a clear indication that the nitrogen atom joined to the aromatic 
nucleus is a much stronger basic centre in dihydrostrychnidine (A) 
than it is in strychnidine. The base is stable to potassium per- 
manganate in cold acetone solution containing a few drops of 
water, but it is rapidly oxidised if much water is added. It is 
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unaffected by acetic anhydride and dry sodium acetate at 100°. 
The base is unacted upon by magnesium phenyl bromide in boiling 
benzene or by magnesium methyl iodide. It was also recovered 
unchanged after vigorous treatment with sodium and _ boiling 
tsoamy! alcohol. 

(II) By electrolytic reduction of dihydrostrychnine. Dihydro- 
strychnine dihydrate (22 g.), dissolved in a mixture of concentrated 
sulphuric acid (83 c.c.) and water (100 c.c.), was reduced at a lead 
cathode (compare Tafel, Annalen, 1898, 301, 302) by a current 
of 6 amps. at 3-8 volts (current density, 0:09 amp./cm.?). At the 
end of 3 hours, the liquid in the cathode cell gave no appreciable 
ferric chloride reaction; at the end of 9 hours both the ferric chloride 
and Otto reactions were positive; after 18 hours the Otto reaction 
was very faint; and after 2 hours more it had disappeared. Tafel 
(loc. cit.) found that strychnine was completely reduced (using 
similar conditions, but with a rather smaller current density and 
a rotating cathode) in 8 hours, so that dihydrostrychnine is appar- 
ently less easily reduced by this method than strychnine is. The 
liquid was diluted with 3 times its volume of water, and the base 
precipitated by the cautious addition, with cooling, of potassium 
hydroxide. The crude product was collected and dried (14 g.). 
After crystallisation from methyl alcohol and then from light 
petroleum, pure dihydrostrychnidine (A) was obtained, m. p. 212— 
214°, unchanged by admixture with a specimen obtained as in (I). 
The above method is the one that should be adopted for the 
preparation of the base in quantity. 

Dihydrostrychnidine (A) methosulphate was obtained under con- 
ditions similar to those used for dihydrostrychnine methosulphate 
(p. 2394). It crystallises from alcohol-light petroleum in rosettes 
of colourless, pointed needles, m. p. 250° (decomp.) (Found: (, 
61:3; H, 7-5; N, 5-8. C,,Hs,0;N,8 requires C, 61-6; H, 7-2; 
N, 62%). The derivative is readily soluble in water and alcohol 
and sparingly soluble in most other organic solvents. The salt 
(2 g.) was heated at 105—115° for 8 hours (reflux) with 40°% methyl- 
alcoholic potassium hydroxide (22 c.c.). On addition of water, 
fine, colourless leaflets separated. Complete purification was 
effected by two crystallisations from methyl alcohol, and the 
massive, colourless, hexagonal tablets, m. p. 219—220°, were 
found to consist of methoxymethyltetrahydrostrychnidine (Part IV, 
this vol., p. 1617). The m. p. was not depressed on admixture 
with a specimen obtained by the electrolytic reduction of methoxy- 
methyldihydrostrychnidine. 

The methiodide. Dihydrostrychnidine (A) (5 g.) was suspended 
in methyl alcohol (50 c.c.), and methyl iodide (12 c.c.) added; the 
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base then dissolved completely with little rise of temperature, 
crystallisation soon commenced, and a sandy precipitate separated. 
The mixture was boiled for 4 hour and left over-night; the methiodide 
was then collected, washed with methyl alcohol, and dried at 100°. 
When rapidly heated, it decomposed at about 340—350° to a brown 
syrup. It is sparingly scluble in boiling water or methyl alcohol 
and separates from water in striated, arrow-shaped prisms (Found : 
C, 57-0; H, 6-4. C,.H,gON,I requires C, 56-8; H, 6-5%). 

The methochloride was obtained by digesting the methiodide with 
much water and silver chloride for 2 hours and evaporating the 
filtered solution to a small bulk; a colourless syrup remained which, 
kept over sulphuric acid in a vacuum desiccator, crystallised to a 
mass of needles. After contact with porous porcelain, the colourless 
mass was recrystallised from a few drops of water, and dried over 
sulphuric acid. It did not then lose weight at 100° (Found: C, 
70:7; H, 8-0. C,,H,gON,Cl requires C, 70-8; H, 7-9%). This 
substance decomposes at about 345° and the aqueous solution gives 
with hydrochloric acid and ferric chloride a pale pink colour, which 
gradually becomes deep pink on warming. The solution in dilute 
sulphuric acid (60%) is coloured intensely brownish-crimson by 
dichromate. The methochloride (0-5 g.) was heated cautiously in 
a test-tube over a free flame until decomposition at the high temper- 
ature was just complete; the residue crystallised from methyl 
alcohol (norite) in leaflets, m. p. 212—213°, of dihydrostrychnidine 
(A). When the methochloride was heated with methyl-alcoholic 
potassium hydroxide (25%) on the sand-bath until the temperature 
of the melt reached 125°, the resulting product gave on addition of 
water a grey mass, which was well washed and left in contact with 
porous porcelain. This separated from xylene (norite) in leaflets, 
m. p. 220-—222°, and proved to be methoxymethyltetrahydrostrych- 
nidine. 

As stated in the Addendum at the end of this paper, these and 
other properties prove that dihydrostrychnidine (A) methiodide 
and methochloride are identical with methylneodihydrostrychni- 
dinium iodide and chloride (Part IV, this vol., p. 1623). 

The dimethosulphate and dimethiodide. A solution of dihydro- 
strychnidine (A) (7 g.) in carefully purified boiling benzene (50 c.c.) 
was cooled, and freshly distilled methyl sulphate (20 c.c.) added; 
the solution became warm, clouded, and the monomethosulphate 
separated as a voluminous crystalline precipitate. On heating on 
the steam-bath under reflux, the crystals gradually gave place to a 
gelatinous mass. After the mixture had been boiled for 15 hours 
and cooled in ice-water, the benzene layer was decanted and the 
viscid dimethosulphate, which showed no sign of crystallising, was 
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dissolved in water. The solution was filtered from benzene, 
neutralised with potash, and heated to boiling, and a large excess 
of hot sodium iodide solution added. The clear solution soon 
began to deposit brilliant, arrow-shaped plates of the dimethiodide, 
which were collected, washed, and dried at 100°; m. p. about 285— 
290° (decomp.) (Found: C, 46-0; H, 5-5. C,,H,.ON,I, requires 
C, 45-6; H, 53%). A further small crop of crystals was obtained 
on concentrating the mother-liquor; the filtrate gave, on addition 
of 50% potassium hydroxide solution, only a slight turbidity 
(compare Part IV, this vol., p. 1594). 

The same dimethiodide was obtained when dihydrostrychnidine 
(A) was heated in a sealed tube with a large excess of methyl iodide 
alone (compare the preparation of the monomethiodide above) for 
several hours in the steam-bath, since the old-gold plates which 
separated had m. p. 285—290° (decomp.) and gave C, 45-2; H, 5-5%. 
This dimethiodide is very sparingly soluble in boiling methyl 
alcohol, but dissolves readily in cold and very readily in hot 
water. 

The dimethochloride, prepared from the dimethiodide and silver 
chloride in the usual way, is a hygroscopic syrup. 

After this had been heated on the sand-bath with methyl-alcoholic 
potassium hydroxide (25%) in an open flask until the temperature 
of the melt was 130°, the cold product gave with water a grey 
precipitate of methoxymethyltetrahydrostrychnidine and methyl- 
dihydrostrychnidine (A) in about equal proportions. Owing to the 
small quantity of material available, the separation of these two 
substances proved to be difficult. The mixture was dissolved in 
boiling benzene and the solution was digested with norite and con- 
centrated to a very small bulk. On standing in ice, crude methoxy- 
methyltetrahydrostrychnidine separated. After crystallisation 
from xylene, it melted at m. p. 220—222°, alone or when mixed with 
a specimen of the methoxy-derivative obtained as described in 
Part IV (this vol., p. 1617). The benzene filtrate was evaporated, 
and the colourless syrup boiled with methyl alcohol; a mass of 
crystals, m. p. 155—190°, then separated. This crude substance 
was rubbed with a very little benzene, the small quantity of very 
sparingly soluble residue, m. p. 220—222°, was filtered off, and the 
syrup was again treated with methyl alcohol after the benzene had 
been evaporated. This process was repeated and the substance 
was then crystallised from methyl alcohol and finally from acetone 
(Found, in two different preparations: C, 79-0, 78:9; H, 8-5, 8-4. 
C.,.H,,ON, requires C, 78-6; H, 8-3%). 

Methyldihydrostrychnidine (A) melts not quite sharply at 178— 
180° and is characterised by being remarkably sparingly soluble in 
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boiling methyl alcohol or acetone and unusually readily soluble in 
benzene. It separates from methyl alcohol or acetone in flat 
needles. A solution in dilute hydrochloric acid gives, on treatment 
with ferric chloride, an immediate crimson colour, changing to pale 
brown on warming. The base has unexpectedly little tendency to 
combine with methyl iodide. When a concentrated solution in 
benzene was boiled with methyl iodide for several minutes and 
evaporated, the residue obtained consisted essentially of the un- 
changed base and separated from methyl alcohol in needles, m. p. 
175—177° (Found: C, 78:3; H, 82%). The base is readily 
soluble, without rise of temperature, in methyl] iodide and even after 
10 minutes’ boiling a good deal of uncombined base remains. 

Hexahydrostrychnine (Dihydrotetrahydrostrychnine).—(A) Catalytic 
reduction of tetrahydrostrychnine. This was carried out as in the 
cases described already, and the quantities were : palladous chloride 
(0-8 g.), water (300 c.c.), norite (12 g.), tetrahydrostrychnine (6 g.), 
50% acetic acid (60 c.c.). Absorption at the ordinary temperature 
was very slow (20 c.c. in 1 hour), but at 50—70° the theoretical 
volume of hydrogen was absorbed in 4 hours. The filtered liquid 
was made strongly alkaline with potassium hydroxide (cooling 
necessary), and the slightly pink, granular solid was collected and 
dried in a vacuum (yield, 60%). The hexahydrostrychnine crystal- 
lises from ethyl acetate, containing a little light petroleum, in large, 
rectangular tablets, mostly with facets at the corners, and faintly 
pink as the result of superficial oxidation. The m. p. of this sub- 
stance, 197—199°, is thus close to that of tetrahydrostrychnine 
(200—202°), but a mixture of the two gave a very large depression 
(Found: C, 74:4; H, 82. C,,H,.O.N, requires C, 74-1; H, 
83%). This base is sparingly soluble in light petroleum and ap- 
preciably soluble in boiling water ; it is moderately readily soluble in 
cold ethyl acetate and in boiling benzene, acetone, or carbon tetra- 
chloride, and readily soluble in cold ethyl alcohol or boiling methyl 
alcohol. Like tetrahydrostrychnine, hexahydrostrychnine gives no 
coloration with ferric chloride if too much hydrochloric acid is 
present in the solution, but in the presence of only a trace of acid 
a brownish-red coloration slowly develops. 

(B) By electrolytic reduction of dihydrostrychnine. The alkaline 
solution from which crude dihydrostrychnidine was precipitated 
(see p. 2400) was exhaustively extracted with chloroform, the red 
extract separated and dried over sodium sulphate (norite), and the 
solvent removed, finally in a vacuum at 40°. The residual gum 
solidified in contact with light petroleum, and this material (5 g. 
from 22 g. of dihydrostrychnine), after three crystallisations from 
ethyl acetate containing light petroleum, was obtained in large, 
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faintly brown, irregular tablets, m. p. 197—199°, alone or mixed 
with the specimen prepared as described under (A) above. 

Evidence was obtained that hexahydrostrychnine yields a nitro- 
soamine, but the substance could not be fully purified. Similarly, 
the diacetyl derivative, prepared in the usual manner (compare 
O-acetyldihydroisostrychnine), was obtained only as a very pale 
yellow, hygroscopic syrup (Found: N, 6-8. C,;H .0,N, requires 
N, 66%). It is of interest to note that this substance gives no 
coloration with ferric chloride, thus indicating the neutralised 
character of the nitrogen atom attached to the aromatic nucleus. 
The dehydration of hexahydrostrychnine with formation of dihydro- 
strychnidine (A), analogous to the conversion of tetrahydrostrychnine 
into strychnidine, can be accomplished by boiling the substance 
with ten times its weight of phosphoryl chloride for 4 minutes. 
The crude base, isolated in the usual way, has m. p. 200—210°, 
and yields pure dihydrostrychnidine (A), m. p. 212—214°, after 
one crystallisation from light petroleum. 

isoStrychnidine.—The electrolytic reduction of isostrychnine was 
effected in the usual apparatus. isoStrychnine trihydrate (13 g.), 
dissolved in a cold mixture of concentrated sulphuric acid (50 c.c.) 
and water (70 c.c.), was placed in the cathode cell and submitted 
to a current of 4-4 amps. at 4 volts (current density, 0-065 amp. /cm.*) 
for 20 hours, after which the Otto reaction could no longer be 
obtained. The base precipitated by means of potassium hydroxide 
from the diluted solution (with cooling) weighed 9 g., and was 
repeatedly extracted with much boiling water. On cooling, the 
solutions deposited tufts of slender, very pale brown needles, m. p. 
155—157°, with sintering at 107—118°. The behaviour on heating 
was not altered by subsequent recrystallisation from water (Found : 
loss at 105°, 6-9; at 130°, 7-4. Found in anhydrous material : 
C, 78-7; H, 7-6. C,,H,,ON,,1-5H,O requires H,O, 7-8. C,,H,,ON, 
requires C, 78:8; H, 7-5%). isoStrychnidine which had been 
heated at 110° for an hour was crystallised thrice from light 
petroleum and formed very light, feathery groups of colourless 
needles, m. p. 163—168° (slight decomp.) [Found: (A) C, 77-6; 
H, 7-:9%]. Again, the alkaline mother-liquors from the crude 
isostrychnidine were worked up by extraction with chloroform in 
the usual manner, with the object of determining whether any 
isotetrahydrostrychnine was formed in the reduction, but the only 
definite product isolated was one that crystallised from light 
petroleum in colourless needles, m. p. 165—167°, alone or mixed 
with the specimen of m. p. 163—168° mentioned above (Found : 
C, 76-5; H, 7-5. C,,H,,ON,,0-5H,O requires C, 76-6; H, 7-7%). 
The analysis (A) (above) requires a still smaller proportion of 
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associated water (0-25 mol.). isoStrychnidine is easily decomposed 
on heating, e.g., it is discoloured at 110° after 1 hour, and a possible 
explanation of our results is that the low m. p. of the product 
crystallised from water is the result of decomposition occurring 
during the sintering period, when solvent of crystallisation is being 
removed. Crystallisation from light petroleum seems to give less 
fully hydrated modifications, which may melt at higher temperatures 
as the result of their superior stability. Confirmation of this view 
was obtained by crystallising a specimen, m. p. 163—168°, from 
water, whereupon the m. p. fell to 155—157°. isoStrychnidine is 
readily soluble in cold methyl and ethyl alcohols, ethyl acetate, 
acetone, or chloroform, and in boiling benzene, from which a small 
proportion crystallises on cooling in elongated, rectangular plates. 
It is sparingly soluble in light petroleum. In the presence of an 
excess of dilute hydrochloric acid, it gives no coloration with ferric 
chloride when cold, and a very pale colour on warming. If only 
a trace of hydrochloric acid is present, an intense rose-red colour 
develops in a few seconds. The methosulphate crystallises from 
a mixture of alcohol and light petroleum in minute, elongated, 
rectangular, nearly colourless prisms, m. p. 200—205° (decomp.) 
(Found: N, 5-9. C,,Hs,90;N,S requires N, 6-39). When heated 
with methyl-alcoholic potassium hydroxide, it yielded a resinous 
base that could not be crystallised and was not further investigated. 

Dihydroisostrychnidine (a).—This base was obtained by the 
electrolytic reduction of dihydroisostrychnine. A solution of this 
(10-1 g.) in a mixture of concentrated sulphuric acid (50 ¢c.c.) and 
water (80 c.c.) was submitted to a current of 4 amps. (3-7—4:-1 
volts), the current density at the lead cathode being 0-07 amp./cm.?. 
The anode cell contained 20% sulphuric acid. At the end of 21 
hours the Otto reaction was no longer exhibited, and the dihydro- 
isostrychnidine (a) was isolated as a pale yellow, gelatinous pre- 
cipitate (8 g.), which, crystallised from acetone and then twice from 
benzene, formed pale yellow bunches of needles, m. p. 191—192°. 
A final crystallisation from light petroleum (b. p. 80—100°) did 
not alter the m. p. (Found: C, 76-5, 75-9; H, 8-6, 8-1; M, in 
camphor by micro-Rast, 301. C,,H,,ON,,0-5H,O requires C, 76-1; 
H, 82%; M, 331). On being heated at 110° for 8 hours, the 
substance lost only 1-0% (theory, 2:7°%%), and this suggested the 
possibility that it might be an ether derived from two molecules 
of the hypothetical hexahydroisostrychnine. The molecular-weight 
determination disposes of this view and makes it necessary to 
assume that the compound is 2C,,H,,ON,,H,O, giving C,,H,,ON, 
and C,,H,,ON,,H,O in fused camphor solution. Naturally any 
water set free would be evaporated at the temperature of fused 
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camphor, and so would not affect the result. The original alkaline 
mother-liquor, from which this base was collected, was extracted 
with chloroform, and the gum remaining after removal of the 
solvent was purified by solution in ethyl acetate and precipitation 
with light petroleum, followed by two similar processes, using 
benzene and light petroleum. The product, m. p. 170—190°, 
then crystallised from water in tiny, colourless leaflets, m. p. 
191—192° (Found: C, 75-6; H, 81%). This substance was 
readily soluble in hot water, and was unaltered by further crystal- 
lisation. It thus appeared to differ from the specimen first described, 
but a mixture of the two specimens had m. p. 191—192°. The 
base from the first precipitate was boiled with 1000 parts of water, 
which dissolved only 5% of its weight. On evaporation of the 
solution, nearly colourless leaflets, m. p. 190°, alone or mixed with 
the original material, were obtained. In all such cases it is very 
difficult to determine whether we are observing the behaviour of a 
mixture of isomerides, or whether it is merely an example of the 
large influence occasionally exerted by traces of impurity on the 
solubility properties. The base is readily soluble in methy] alcohol, 
ethyl acetate, or boiling benzene, it is moderately readily soluble 
in boiling acetone, and sparingly soluble in boiling light petroleum. 
It exhibited the usual ferric chloride reaction, and was partly 
recovered unchanged after boiling with phosphoryl chloride and 
after treatment with nitrous acid. 

Dihydroisostrychnidine (b).—Unlike strychnidine, isostrychnidine 
may be catalytically reduced at the ordinary temperature. The 
quantities employed were: palladous chloride (0-5 g.), dissolved 
in water (200 c.c.) and a little hydrochloric acid, norite (7 g.), 
isostrychnidine (2:4 g.), dissolved in a little dilute acetic acid. 
The volume of hydrogen absorbed in 3 hours was 200 c.c. (theory, 
160 c.c.). The filtered liquid was basified with sodium hydroxide, 
and the gelatinous precipitate collected and boiled with water 
(800 c.c.). On cooling, the filtered solution deposited copiously 
small, colourless plates, and these crystallised from water in tufts 
of slender, colourless needles, m. p. 150°. Further extraction of 
the crude product yielded nothing. The dihydroisostrychnidine (b) 
was twice recrystallised from light petroleum (b. p. 60—80°), giving 
spongy clusters of colourless needles, m. p. 151—153° after sintering 
at 140° (Found: C, 73-9; H, 8-2. C,,H,,ON,,H,O requires C, 
74:1; H, 83%). This material, evidently a monohydrate, lost 
36% at 110—120° in 4 hours (theory, 5-3%), but some discolor- 
ation occurred. The solubilities, except in water, were similar 
to those of dihydroisostrychnidine (a) and the new base gives a 
rose-red colour on the addition of ferric chloride, even in an excess 
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of dilute hydrochloric acid. Our examination of the isomeric 
dihydroisostrychnidines is not complete and we have not yet 
sufficient data to enable us to advance any suggestions as to the 
structural or stereochemical differences that may exist between 
them. Attempts to obtain one or other of these compounds from 
dihydrostrychnidine (A) were fruitless. Dihydrostrychnidine (A) is 
quite unchanged when it is heated with water at 180—185° for 
64 hours or with methyl-alcoholic ammonia at 120—145° for 
48 hours. . 

Dioxyhydroxydthydrostrychnidine.—Strychnidine was unaffected 
by heating with methyl-alcoholic ammonia at 130—140° for 48 hours 
and also by treatment with alcoholic sodium ethoxide under various 
conditions. When heated with water, it yielded the oxidation 
product here described, but no isostrychnidine. Strychnidine 
(10 g.) was heated with water (300 c.c.) ( and some air) at 170— 
185° for 54 hours in a phosphor-bronze autoclave; 5 g. of the 
base were recovered unchanged, and the aqueous solution was 
concentrated to one-fourth of its original volume, filtered, and 
kept in the ice-chest. An abundant crystallisation occurred and 
the dioryhydroxydihydrostrychnidine was recrystallised several times 
from water; flat, pointed, colourless needles, m. p. 260° (decomp., 
darkening from 250°) (Found: loss at 105°, 15-3; N, 6-4. Found 
in anhydrous material: C, 68-6; H, 7-0. (©,,H,,0,N,,4H,O 
requires H,O, 16:3; N, 6-3. C,,H,,0,N, requires C, 68-1; H, 
70%). The anhydrous substance is hygroscopic and recovers 
almost the whole of its water of crystallisation on exposure to the 
air for a week. The base is much more readily soluble in water 
than any other strychnine derivative (except the salts) described 
in this memoir; it is also readily soluble in the simple alcohols 
and in boiling benzene or chloroform, but very sparingly soluble 
in hot ethyl acetate or light petroleum. The ferric chloride reaction 
is exhibited well in the presence of a large excess of hydrochloric 
acid. 

Dioxyhydroxyhexahydrostrychnine—When _ tetrahydrostrychnine 
was heated with methyl-alcoholic ammonia at 130—140° for 48 hours, 
it was recovered entirely unchanged. ‘Tetrahydrostrychnine (11 g.) 
was heated with water (300 c.c.) in a phosphor-bronze autoclave 
at 170—185° for 64 hours. The brownish-yellow liquid was filtered 
from a little black material, conceritrated somewhat, again filtered 
from a tar, and kept in the ice-chest. Bunches of coarse needles 
(3 g., m. p. 197—203°) separated, and several recrystallisations from 
water yielded bunches of large, fibrous, colourless needles, m. p. 
201—203° (with effervescence a few degrees higher) (Found: 
loss at 105°, 9-3. Found in anhydrous material: C, 64:9; H, 6-9; 
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N,7-1. C,,H,g0;N,,2H,O requires HO, 8-5. C,,H,,0;N, requires 
C, 65:0; H, 7-3; N, 7:3°%). Neither in the case of this base nor 
in that of the corresponding compound from strychnidine (see the 
preceding section) is the formula with two hydrogen atoms less 
excluded by the analyses. The substance is readily soluble in 
methyl alcohol, sparingly soluble in cold ethyl alcohol, and very 
sparingly soluble in boiling benzene, chloroform, ethyl acetate, or 
acetone. It is moderately readily soluble in cold water, but less 
soluble than the similar strychnidine derivative. With ferric 
chloride in presence of much dilute hydrochloric acid, it gives only 
a faint brown coloration: in presence of a trace of hydrochloric 
acid, an intense brownish-red colour develops rapidly. 
p-Aminostrychnidine.—The various derivatives of strychnidine 
all couple with diazobenzenesulphonic acid in acid solution, giving 
in the course of time equally intensely-coloured solutions, but the 
speed of the reaction varies greatly from case to case. In acid 
solution strychnidine couples much more rapidly than dihydro- 
strychnidine (A), but in neutral solution the velocities are not very 
different. We interpret this as due to the increased basic strength 
of the dihydrostrychnidine (A), and it therefore seems probable 
that the double bond of strychnidine is not far distant in the mole- 
cule from the nitrogen atom that is bound to the aromatic nucleus. 
Sulphobenzeneazostrychnidine is a crimson powder, insoluble in 
organic solvents. The finely powdered substance (2-6 g.) was 
added to a solution of hydrated stannous chloride (6-5 g.) in con- 
centrated hydrochloric acid (16 ¢c.c.), and the mixture boiled for a 
few minutes. It was then cooled, rendered strongly alkaline with 
sodium hydroxide, and extracted with chloroform. The extracts 
were dried and evaporated until crystallisation began; much light 
petroleum was then added. The nearly colourless precipitate 
crystallised from benzene in microscopic prisms which decompose 
above 330° (Found: N, 12-4. C,,H,,ON, requires N, 12-5%). 
Aminostrychnidine is moderately readily soluble in chloroform, 
sparingly soluble in hot benzene, and practically insoluble in boiling 
ethyl acetate or light petroleum. This amine gives, with ferric 
chloride in hydrochloric acid solution, an eosin-red coloration, 
quickly fading to yellow; addition of sodium nitrite to an acid 
solution produces the same colour change, but if the solution is 
used at once it can be shown to contain a diazonium salt. The 
product of coupling with $-naphthol and H-acid is violet, and with 
J-acid red. Diazotised sulphanilic acid and aminostrychnidine 
give a purple coloration, probably not due to a normal azo-compound 
since it is discharged by the addition of sodium hydroxide. The 
most interesting colour reactions of aminostrychnidine are, how- 


aoe & & & 6 HS B22 OC. ta 


—-A ant & Se tf £22 2 ot 606lUGehClCUe CR. 


Me... A. a | 


STRYCHNINE AND BRUCINE. PART VI. 2409 


ever, the following, which show that strychnidine has free m- 
and p-positions with respect to the nitrogen atom. When ferric 
chloride is added to a solution of the base in dilute hydrochloric 
acid containing hydrogen sulphide, a brownish-reddish-purple colour 
is produced and the solution exhibits an intense brown fluorescence. 
Addition of ferric chloride to an acid solution containing dimethyl- 
aniline gives a royal-blue colour, doubtless owing to the formation 
of an indamine of the type of Bindschedler’s green. If m-tolyl- 
enediamine is employed in place of the dimethylaniline, a deep 
blue coloration is developed, and on warming, the solution becomes 
intense bluish-eosin-red, and on dilution exhibits a striking greenish- 
yellow fluorescence. 

Sulphobenzeneazomethylstrychnine.—Methylstrychnine (0-75 g.) was 
dissolved in very dilute acetic acid (200 c.c.) and diazobenzene- 
sulphonic acid (0-85 g., 2:2 mols.) added with stirring. A red oil 
quickly formed and solidified; this was collected and crystallised 
from much hot alcohol as a dull brick-red powder (Found: N, 
9:7%, showing that only one sulphobenzeneazo-group has been 
introduced). The substance is insoluble in organic solvents with 
the exception of the simple alcohols; it is moderately soluble in 
cold water, but a change occurs on boiling, the colour deepens and 
the solid that separates on cooling is readily soluble in cold 
acetone. 

Strychnic Benzoic Anhydride—Benzoyl chloride (5 c.c.) was 
gradually added to a well-agitated solution of strychnic acid (4 g.) 
in 3% aqueous sodium hydroxide (100 cc.). The light brown 
precipitate was collected and crystallised from xylene-light petrol- 
eum (b. p. 80—100°) in golden-yellow clusters of minute rods, 
m. p. 215—218° (Found: C, 73-6, 73-7; H, 6-2, 6-4; N, 6-2, 6-3. 
C,,H.,0,N, requires C, 73:7; H, 6-2; N, 61%). A product 
requiring less purification, and otherwise identical, is obtained 
from strychnic acid (6 g.), sodium bicarbonate (14 g.), water (200 
c.c.), and benzoyl chloride (8 ¢c.c.). This substance is insoluble in 
dilute aqueous sodium hydroxide and is slowly hydrolysed on 
boiling the solution; it is also hydrolysed on boiling with water. 
It is, however, immediately hydrolysed by dissolution in cold dilute 
aqueous acids, even acetic acid, and addition of sodium hydroxide 
then precipitates strychnine. The behaviour of this compound 
seems inconsistent with any theory of its nature other than that 
which we have advanced—the formation of mixed anhydrides 
in the Schotten—Baumann process has frequently been observed in 
other cases. 

Addendum made on October 3rd, 1927. After the present paper 
had been set up in proof, the discovery was made that dihydro- 
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strychnidine (A), m. p. 212—214°, is identical with the substance 
described in Part IV (this vol., p. 1622) as methyl-y-dihydro- 
strychnidine, C,.H,,ON,, m. p. 212°. The latter was obtained in 
very poor yield by the action of heat on the dimethochloride (A) of 
methoxymethyltetrahydrostrychnidine and it was thought that its 
formation was due to the following change: C,;H,.0,N,,2MeCl = 
C.9H,,ON, + 2MeCl + MeOH. 

It is now clear that a more drastic decomposition must take place 
and that a >CH, group also is lost at the high temperature necessary 
for the change. The identity of the substance thus produced with 
dihydrostrychnidine (A) was proved by a close comparison of the 
properties, and also by the m. p. (212—214°) of a mixture, of the two 
preparations. Moreover the analysis given in Part IV, p. 1622 
(Found: C, 78-1; H, 8-0; N, 8-5) agrees rather better with the 
formula C,,H,,ON, (Cale.: C, 78-2; H, 8-1; N, 8-7%) than with 
the formula C,.H,,ON, (Calc. : C, 78-6; H, 8-3; N, 8-3%) suggested 
at the time, and the same applies to the analyses of the derivatives. 

It is also clear that the substance described as methylneodihydro- 
strychnidinium iodide (loc. cit., p. 1623), obtained from methoxy- 
methyltetrahydrostrychnidine hydriodide by the action of heat, is 
in reality dihydrostrychnidine (A) methiodide, and a similar 
correction must be applied to the corresponding chloride. It is 
therefore necessary in Part IV, pp. 1596, 1597, 1621, 1622 and 1623, 
to replace the names methyl-/-dihydrostrychnidine by dihydro- 
strychnidine (A) and methylneodihydrostrychnidinium iodide 
(chloride) by dihydrostrychnidine (A) methiodide (methochloride). 
It is also probable that the substance, m. p. 220—221°, described as 
methyl-y-dihydrobrucidine in Part V of this investigation (this vol., 
p. 1661) is in reality dihydrobrucidine (A), but the proof of this 
cannot be supplied until this substance has been obtained by a 
process similar to that employed in the preparation of dihydro- 
strychnidine (A). Experiments with this object in view are in 
progress. 


The authors wish to thank the Advisory Council of the Depart- 
ment of Scientific and Industrial Research for a grant which has 
enabled one of them (A. E. O.) to take part in the investigation. 
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CCCX XI.—3-H ydroxycyclohexylacetolactone. 
By Rospert Ropinson and AumaApD ZAKI. 


AccorDiIneG to Gulland and Robinson (J., 1923, 123, 980; Mem. 
Manchester Phil. Soc., 1925, 69, No. 10), whose suggestions have 
been amply justified by the important and outstanding experiments 
of Schépf (Annalen, 1927, 452, 211), the bases of the morphine group 
contain the heterocyclic system (I) associated with other rings. 


s a—p—y (Il) C=O 
|} | | Gm) e=N 
(I.) C $§ « ¢ (UV. B=0=N 
| | | | W@W) s8=t=N 
N y7—0—« (VL) c= y=yn=Kc=N 


An examination of the literature shows that substances of this type 
have not been obtained although the similar systems indicated by 
II, III, IV, V, and VI (where each letter represents a carbon atom 
except when otherwise specified) are found among synthesised 
compounds. It is proposed to attempt the synthesis of simple bases 
of the type (I) in order to examine the degree of stability of the ring 
structure. Progress in this direction has been made and is reported 
at this stage because one of us is unable to continue the work. 
There is little doubt that the desired base could be obtained from 
the lactone (VII), named in the title, and we have obtained this 
substance by the reduction of m-hydroxyphenylacetic acid with 
hydrogen in the presence of platinum-black. The yield, however, 
is poor, the main product being hexahydrophenylacetic acid. It 
seemed that a better method of preparation might be through 


H,—CH—CH, CO,Et-CH-CH,-CO,Et 
(VIL.) sae H, CO CO (VIII.) 
H,—CH—O CO,Et-C(CH,CO,Et), 


3-ketocyclohexylacetic acid, which might be derived by applying 
the Dieckmann reaction to the ester of methanediacetic-y-butyric 
acid, CH(CH,°CO,H),*CH,*CH,*CH,°CO,H. The latter we hoped 
to obtain from the tribasic keto-acid which should be the normal 
product of hydrolysis of the ester (VIII). This has been prepared, 
but the scheme broke down owing to the wasteful nature of the 
operations necessary for the introduction of acetic residues into 
ethyl acetonedicarboxylate. 


EXPERIMENTAL. 
m-Hydroxyphenylacetic Acid.—Anhydro-«-benzamido-m-methoxy- 
cinnamic acid (35 g.) was hydrolysed as described by Pschorr 
(Annalen, 1912, 391, 44), but the resulting alkaline solution was 
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then acidified by the passage of sulphur dioxide, which precipitated 
the benzoic acid (compare Buck and Perkin, J., 1924, 125, 1680). 
After filtration, concentrated hydrochloric acid was added and the 
solution boiled to expel sulphur dioxide; on cooling, m-methoxy- 
phenylpyruvic acid (14 g.) separated (m. p. 154—155° after crys- 
tallisation from alcohol). This acid (8-4 g.) was dissolved in 10% 
sodium hydroxide (70 c.c.), and 3% hydrogen peroxide (50 c.c.) 
added. After being kept over-night in the cold, the solution was 
acidified, and m-methoxyphenylacetic acid (6 g., m. p. 66—67° 
after one crystallisation from water) was isolated by means of 
ether. m-Hydroxyphenylacetic acid has been previously obtained 
by Salkowski (Ber., 1884, 17, 507) from m-nitrophenylacetonitrile 
by a series of reactions; we have prepared it by demethylation of 
its methyl ether: m-methoxyphenylacetic acid was boiled with 
8 times its weight of freshly distilled hydriodic acid (d 1-7) for 2 hours. 
The solution was cooled and diluted with water, free iodine re- 
moved by sulphur dioxide, and the acid isolated by ether as a brown 
oil which gradually crystallised. The product was purified by one 
crystallisation from benzene, dissolution in aqueous sodium car- 
bonate, successive extraction of the alkaline solution with carbon 
disulphide and ether, recovery by means of ether, and a final 
crystallisation from benzene. The acid had the m. p. (129°) and 
other properties attributed to it by Salkowski (loc. cit.). 

Catalytic Reduction of m-Hydroxyphenylacetic Acid.—A solution 
of m-hydroxyphenylacetic acid (4:5 g.) in acetic acid (20 c.c.) was 
vigorously stirred with hydrogen in presence of platinum-black 
(0-7 g.), prepared by Willstatter’s method (Ber., 1912, 45, 1472). 
After a little time the flask was evacuated and the mixture stirred 
with air for 10 minutes; on re-evacuation and admission of hydrogen 
the rate of absorption was found to have been almost quadrupled. 
In about 12 hours 2330 c.c. of hydrogen had been absorbed. The 
filtered solution was steam-distilled until about 2000 c.c. of distillate 
had been collected; the liquid remaining in the flask was then 
thoroughly extracted with ether, and after removal of the solvent 
the residue was twice distilled under diminished pressure. The 
product appeared to be homogeneous, but owing to the small 
amount available we do not record the b. p. under diminished 
pressure; under the ordinary pressure, it has b. p. 240—243°, deter- 
mined by Siwoloboff’s method (Ber., 1886, 19, 795) (Found: C, 
69-0; H, 8-5. C,H,.0, requires C, 68-6; H, 8-6%). This colour- 
less oil is clearly 3-hydroxycyclohexylacetolactone, for it exhibits the 
behaviour of a lactone: it is immiscible with water, and on the 
addition of a drop of sodium hydroxide and a trace of phenol- 
phthalein a red coloration is obtained, which soon disappears, 
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further quantities of sodium hydroxide being similarly slowly 
neutralised until the whole of the substance has been decomposed. 
On acidifying and heating the solution, the lactone was regenerated. 
The distillate from the steam-distillation contained an acid which 
was isolated by means of ether and distilled. The fraction, b. p. 
243—246°, crystallised in the course of 2 days in large, feather-like 
aggregates, m. p. 30—31° (Found: C, 67-6; H, 10-0. Cale. for 
C,H,,0,: C, 67-6; H,9-8%). From the origin, m. p., analysis, and 
other properties, there can be no doubt that this substance is 
identical with hexahydrophenylacetic acid (Wallach, Amnnalen, 
1907, 353, 296). It constituted the main product of the reduction. 
Ethyl 88-Dicarbethoxy-y-ketopimelate, 
CO, Et-CH,°CH(CO,Et)-CO-CH(CO,Et)-CH,°CO, Et. 

—An alcoholic solution of sodium ethoxide (from 6-9 g. of sodium) 
was added during 14 hours to a mixture of ethyl acetonedicarb- 
oxylate (30-3 g.) and ethyl bromoacetate (50 g.), heated on the steam- 
bath. The mixture was then heated under reflux till neutral, the 
alcohol distilled, and the product isolated from the residue by means of 
ether. Thorough drying was found to be essential. The oil was 
fractionated under 1 mm. pressure, but this process entailed large 
losses through decomposition. Finally, a homogeneous fraction, 
b. p. 168—170°/1 mm., was collected (10 g.) (Found: C, 54:8; 
H, 7-0. C©,,H,,0, requires C, 54-6; H, 6-9%). Analysis does not 
determine whether the acetonedicarboxylic ester has been con- 
verted into a mono-, di-, tri-, or tetra-substituted derivative, so the 
ester was hydrolysed by boiling dilute sulphuric acid: acetonedi- 
acetic acid, m. p. 142—143° (Volhard, Annalen, 1889, 253, 212) was 
readily isolated (Found: C, 48-1; H, 6-0. Cale. for C,H,,0;: 
C, 48-3; H, 5-7%). 

Ethyl «8'-T'ricarbethoxyisobutyrylsuccinate (VIII).—This sub- 
stance was obtained from molecular proportions of the foregoing 
ester (24-7 g.), ethyl bromoacetate, and sodium ethoxide in alcoholic 
solution. The yield of pure product, b. p. 189—191°/1 mm., was 
17 g. (Found: C, 548; H, 7-0. C,,H,.0,, requires C, 54-8; 
H, 6-9%). This would correspond to a 56% yield of the mono- 
substituted derivative, or a 47% yield of the disubstituted 
derivative. In view of the amount of recovered material of lower 
and higher b. p. (10 g. containing at least 2 g. of ethyl bromoacetate) 
and of the fact that the maximum theoretical yield of disubstituted 
derivative was 50%, a 47% yield of disubstituted derivative is 
impossible. The polybasic acid obtained by hydrolysing this ester 
could not be crystallised. 
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CCCXXII.—The Relative Directive Powers of Groups of 
the Forms RO and RR’N in Aromatic Substitution. 
Part VII. The Nitration of Benzphenetidide and 
of o-, m-, and p-Nitrobenzphenetidides. 


By ReornaLtp C. Fawcett and Ropert Rosrnson. 


In considering the factors governing the relative ease of occurrence 
of electronic changes, such as those involved in conjugated polaris- 
ation, originated or permitted by different atoms, Kermack and 
Robinson (J., 1922, 121, 427) suggested two guiding principles: 
(a) that the free electrons in the outer shells are the less active the 
greater their number; and (b) that the activity of free electrons 
diminishes with increasing atomic weight of the element. Obviously 
such rules may apply only approximately, and there are alternative 
ways of stating them, but they serve to correlate experimental 
results in several fields and give such sequences as NMe,>SMe> 
OMe>I>Cl>F for the proton avidity (strength of bases) in the 
compounds HX and for the effectiveness of the groups in crotenoid 
systems, and hence for their directive powers in aromatic sub- 
stitutions of certain types (compare Chem. and Ind., 1925, 44, 684). 
The effects of charges, as in the phenoxide and phenylammonium 
ions, may reverse the order in the series, and this is also true of the 
effects of substituents which may induce displacements of electrons 
equivalent to charges. Thus, although the order N>O in aromatic 
substitution (kationoid reagent, crotenoid system) is theoretically 
inevitable and justified by everyday laboratory experience so long 
as we compare neutral, tervalent nitrogen with neutral, bivalent 
oxygen, yet the application of theory becomes ambiguous when we 
pass to the comparison of such groups as ‘NR:COR and -OR. 
Experiment shows that the directive powers of the nitrogenous 
group can be regulated over a wide range; thus Reverdin (Ber., 
1896, 29, 2595) and Hinsberg (Annalen, 1896, 292, 249) found that 
the nitration of acet-p-anisidide gave acet-3-nitro-p-anisidide, estab- 
lishing beyond question that the directive power of -‘NHAc is much 
greater than that of OMe. Reverdin and Diiring (Ber., 1899, 32, 
164) further showed that acet-o-phenetidide is changed by nitric 
acid (41° Beaumé) into its 5-nitro-derivative, although 4-nitro-o- 
phenetidine is obtained by the nitration of o-phenetidine in sul- 
phuric acid solution. Similarly the nitration of acet-o-anisidide was 
found to give chiefly the 5-nitro-derivative (Miihlhauser, Annalen, 
1881, 207, 242; Meldola, Woolcott, and Wray, J., 1896, 69, 1330; 
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Vermeulen, Rec. trav. chim., 1905, 25, 12). This has been recently 
confirmed by Ingold and Ingold (J., 1926, 1310), whose work sug- 
gests that owing to the formation of small, undetermined amounts 
of by-products, the nitration of acet-o-anisidide is not a reaction that 
is suitable for exact quantitative study. On the other hand, Brady, 
Quick, and Welling (J., 1925, 127, 2264) found that the nitration 
of succin-p-tolil gaveas muchas 84% of N-2-nitro-p-tolylsuccinimide, 
showing that the group -N(CO),(CH,)., although itself almost exclus- 
ively p-directive, is far weaker than methyl in directive power. An 
explanation, on an electronic basis, of the diminished directive 
power of nitrogen in such neutralised systems (NCO, etc.) has been 
already advanced (Robinson, Chem. and Ind., 1925, 44, 18, 456; 
Ray and Robinson, J., 1925, 127, 1618; Part IV, J., 1926, 404; 
Part V, ibid., p. 411) and may be summarised in the statement that 
the carbonyl group competes with the aromatic nucleus for the free 
electrons of the nitrogen octet. 

The present investigation is the first of a series in which it is hoped 
to study the effect of the substituents (R, R’) on the directive power 
of the group R-CO-NR’. In the cases discussed below, R’ is H and 
R is Ph or o-, m-, or p-NO,°C,H,. The circumstance that R’ is H 
involves the possibility of incipient ionisation increasing the directive 
power or of actual removal of a proton in one of the later phases of 
the reaction, with the same apparent result. These occurrences 
should, however, be the more facile the stronger the acid R-CO,H, 
so they would not influence the directive powers in the sense actually 
observed, and if taken into account the effects would appear 
enhanced. The method adopted was to put the groups in turn in 
competition with ethoxyl, and the reaction examined has been the 
nitration of the benz-p-phenetidides in acetic acid solution at about 
0°. Reverdin (Ber., 1911, 44, 2362) has already studied the nitra- 
tion of benz-p-anisidide and of the isomeric nitrobenz-p-anisidides : 
in each case, the nitrobenzamido-groups were found to be much 
more powerfully directive than methoxyl, but nothing more than 
approximately quantitative results were sought. In the present 
series of experiments, the products were obtained in almost theo- 
retical yield, and thermal analysis showed them to behave as binary 
mixtures that could contain only traces of other substances. In 
the case of benz-p-phenetidide, the nitration was carried out under 
two sets of conditions; in the first, nitric acid (2-5 mols.) was 
gradually added to the phenetidide in acetic acid, and in the second 
the phenetidide was added to nitric acid (12 mols.) and acetic acid. 
Thus not only was more acid used in the latter case, but also it was 
present from the beginning of the operation. The results are 
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exhibited in the annexed scheme, in which the figures show the 
proportions in which the nitro-derivatives were formed. 


OEt 
2-5 Mols. HNO, { 02-58 Bo \ 12 Mols. HNO, 
NH-COPh 


The stronger acid medium has the effect of depressing the directive 
power of the benzamido-group, and this is clearly due to salt form- 
ation and is in harmony with previous experience (compare, ¢.g., 
Noelting and Collin, Ber., 1884, 17, 261; Hollemann, Hartogs, and 
van der Linden, Ber., 1911, 44, 704). The nitrobenz-p-phenetidides 
were nitrated under the second set of conditions (12 mols. HNO,), 
and as all analogies indicate that these amides should be weaker 
bases than benz-p-phenetidide, the effect of the medium may be 
expected to be relatively small. The results are expressed graphic- 
ally thus : 


OEt OEt OEt 
3-7%, 30-6% 3-20 
56-3%, 69-4 66-8°, 
NH NH NH 
CO CO CO 
VO, 
NO, 


In all three cases, nitration could not be accomplished under the 
conditions (2-5 mols. HNO,) that sufficed for the quantitative 
transformation of benz-p-phenetidide, and therefore the general 
electrical effect of the nitroxyl group makes itself felt over the whole 
molecule. The figures show, however, that the directive power of 
the benzamido-group has been diminished to the greater relative 
extent; the appropriate theory on an electronic basis is repre- 
sented in the case of the m-nitrobenzamido-group by the scheme 


i 
zN-0 
las g ‘a 0 7 oe ~ 
een ES, Pree gee 
EtO 4 / NH — C . ? 
\ ~~ (a) VY 


in which (a) is the directive process and (b) is the counteracting 
general electronic displacement. The effect (b) should be more 
powerful in the o- than in the m-nitrobenzoyl derivative, and it 


ie 
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should be weakest in the p-isomeride. The former deduction is in 
agreement and the latter in disagreement with the results, which, 
therefore, suggest that a mechanism exists that enables the more 
distant group to be the more effective. Such a mechanism may be 
conjugative (A) or inductive (B) in Kekulé, Dewar, or Claus 
structures (the last two being regarded as highly improbable and 
included merely for the sake of completeness), and will also con- 
tribute to the enhancement of the effect of an o-situated nitroxyl 
group. In either case, m- and p-situated nitroxyls induce positive 


WEF °\yF? AH? 


ogkse A /\ Ne 
- \ 7 \ / % ‘f % 
Ls | ‘L | | \ J sf | 
5 Q) YW \ . fr 
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+ y 
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charges at x and y, respectively (C). In (A) (8), the conjugation is 
crotonoid and in (A) («) it is butadienoid and initiated by the general 
effect of the nitroxyl; this process is almost indistinguishable from 
that shown in (B) (I). Oxford and Robinson (Part II, J., 1926, 
383) found that the directive powers of the m- and p-nitrobenzyloxy- 
groups were identical, and the contrast with the results obtained in 
the present investigation is probably due to the fact that in the 
benzamido-compounds there is an unbroken sequence of unsaturated 
atoms, and the point (C of CO), where the effect can theoretically 
operate so as to influence the directive power of the group, is nearer 
to the nitrophenyl group than is the corresponding point (O of 
Ar-O-CH,) in the nitrobenzyloxy-compounds. We have examined 
mathematically the question as to whether a direct general effect of 
the dipole, NO, could give the sequence o>p>m, on the theory 
that in its average position in space a line can be drawn through the 
centre of the hexagon (benzene ring) and the nitrogen and oxygen 
atoms. On this stereochemical basis, the disparity between the 
anticipated effects from the m- and p-positions is reduced by reason 
of the oblique orientation of the dipole couple in the m-position, but 
on every probable assumption in regard to the relative distances 
(nuclear C to N, N to O, nuclear C to a point X, where the effect is 
operative across the intervening space to the couple N—O) we find 
o>m>->p for the resultant field (at X in the direction of the centre of 
the nucleus) of the dipole. Taking dynamic conditions into con- 
sideration, e.g., free revolution of the nitroxyl group and other 
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ambiguities, it cannot yet be concluded, however, that an explan- 
ation of the order 0>p>m is impossible on purely stereochemical 
lines. It is proposed to extend the investigation with the help of 
an experimental model. 

Finally, a point raised by Orton and Bradfield (this vol., p. 986) in 
connexion with the directive power of the benzamido-group may be 
mentioned. These authors have found that the velocity of chlorin. 
ation of benzanilide exceeds that of acetanilide, which indicates that 
the directive power of benzamido- is greater than that of acetamido-. 
(In passing, it may be remarked that Brady, Quick, and Welling, loc. 
cit., found that phthalimido- had a somewhat greater directive 
power than succinimido-, providing further evidence in the same 
direction.) The inconsistency of this result on our electronic basis 
with the fact that benzoic acid is stronger than acetic acid was 
commented on. Kermack and Robinson (loc. cit.) suggested, how- 
ever, that the aromatic nucleus is a resonator, being either key- 
negative or key-positive, according to circumstances. It should be 
regarded as subservient, in a measure, to the needs of other groups, 
and ready in some phases to supply electrons, in others to accept 
them. A further generally applicable conception is that when phases 
leading to activation and phases leading to inhibition of some 
particular process or reaction alternate, then the activation phases 
assume by far the greater importance in producing the observed 
results. In benzoyl derivatives, there will be phases in which the 
electron density in the neighbourhood of the carbonyl group is 
increased (retardation of ionisation of benzoic acid, but acceler- 
ation of substitution in benzanilide), and other phases in which it is 
relatively decreased (acceleration of ionisation of benzoic acid, but 
retardation of substitution in benzanilide). 


ExPERIMENTAL. 


2-Nitro-4-aminophenetole sulphate was obtained in 50% yield 
by Reverdin’s method (Helv. Chim. Acta, 1927, 10, 3). 3-Nitro-4- 
aminophenetole was prepared from phenacetin (40 g.) by the 
method described in D.R.-PP. 99338 and 38322; the yield of 
product, m. p. 112-7—113-2°, was 37-5 g. 

2-Nitro-4-benzamidophenetole, (A).—2-Nitro-4-aminophenetole 
sulphate (10 g.) was added to pyridine (200 c.c.), and benzoyl 
chloride (10 g.) gradually introduced with vigorous shaking. After 
1 hour water was slowly added and the precipitated solid was col- 
lected ; it crystallised from methyl alcohol (charcoal) in flat, yellow 
needles, m. p. 149—150° (Found: C, 62-8; H, 5-0. C,;H,,0,N; 
requires C, 62-9; H, 4-9%). 
3-Nitro-4-benzamidophenetole, (B).—3-Nitro-4-aminophenetole (10 


. = a aS re Ue Oe 


POWERS OF GROUPS OF THE FORMS RO AND RR’'N, ETC. 2419 


g.) was similarly benzoylated by means of benzoy! chloride (15 g.) in 
pyridine (150 c.c.); the product crystallised from alcohol (charcoal!) 
in tufts of slender, orange needles, m. p. 121-5—122° (Found: C, 
63:0; H, 51%). 

Mixtures of the Isomerides (A) and (B).—The freezing points were 
determined with the usual precautions, first approximately and then 
more accurately, the outer bath being kept at such a temperature as 
to maintain the tube containing the material at 1—2° below the 
freezing point. The mixture was then heated to 15—20° above the 
m. p. and allowed to cool after the tube was replaced in the air- 
jacket. Vigorous stirring was practised at 1—2° above the f. p., 
and slower but steady stirring in the neighbourhood of the f. p. 
Several concordant results were obtained for each mixture, and all 
values were rejected when the degree of supercooling exceeded 
05—1°. All the graphs constructed were smooth, two-branched 
curves. 

The following f. p.’s were determined : 


By adding (A) to (B). 

T(B)  ccocee 100-0 95-1 89-8 84:3 78-1 72-4 64-8 
J. ee 120-2 118-2° 116-2° 114:2° 111-95° 109-6° 106-2° 
By adding (B) to (A). 

, i) 41-7 35-4 33-6 26-5 20°5 13°5 6-4 0-0 
F.p. ..... 124:5° 128-1° 129-1° 134:2° 137-4° 141-1° 144:8° 147-75° 

Nitration of Benz-p-phenetidide.—Benz-p-phenetidide, prepared 
by the Schotten-Baumann method, crystallised from alcohol in 
glistening, white lamina, m. p. 174-5—175°. 

(1) Nitration with 2-5 mols. of nitric acid. A mixture of boiled 
nitric acid (d 1-41; 5c.c.) and pure acetic acid (12-5 c.c.) was added 
in the course of } hour to benz-p-phenetidide (5 g.) suspended in acetic 
acid (125 c.c.), the vessel being surrounded by melting ice. The 
highest temperature recorded was 3°. After 1-5 hours, the product 
was precipitated by water, collected, washed, and dried (5-85 g. or 
98-7%) (Found: C, 62-6; H, 4:9. Calc.: C, 62:9; H, 49%). 
This material had f. p. 117-3°, corresponding, from the graph, with 
a mixture (a) containing 92-5% of the isomeride (B), or to a second 
composition excluded by the confirmatory tests. A mixture of the 
nitration product (0-8222 g.) and (A) (0-1315 g.) should therefore 
contain 79-75% of (B): actually, it had f. p. 112-5°, corresponding 
with 79-8% of (B). The further addition of (A) (1-1502 g.) to this 
mixture gave a product of f. p. 128-0°, corresponding to 36-5% of 
(B) (Calc. from (a): 36-1% of (B)]. 

(2) Nitration with 12 mols. of nitric acid. Benz-p-phenetidide 
(2 g.) was added to a mixture of boiled nitric acid (10 c.c., d 1-41) and 
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acetic acid (40 c.c.) cooled in melting ice; after 10 minutes’ stirring, 
water (400 c.c.) was added, stirring continued for 15 minutes, and the 
product isolated (2:35 g., or 99-0%) (Found: C, 63-0; H, 5-0%). 
The following results were obtained on thermal analysis. 


Composition, % (B) : 


Mixture Isomeride 


taken, g. added, g. F. p. From graph. Calc. from (b). 
1-1836 — 115-2° 87 (b) _ 
1-1836 1-2481 (B) 117-7 93-2 93-3 
0-3823 0-8056 (A) 132-6 28°5 28-0 


2-Nitro-4-0-nitrobenzamidophenetole, (C), prepared by the pyridine 
method, crystallised from methyl alcohol (charcoal) in pale yellowish- 
green, nacreous plates, m. p. 165—166° (Found: C, 54-5; H, 4-1; 
N, 12:9. C,;H,,0,N, requires C, 54-4; H, 3-9; N, 12-7%). On 
exposure to light the crystals become pink. 3-Nitro-4-o-nitro- 
benzamidophenetole, (D), obtained similarly in 70% yield, crystal- 
lised from methyl alcohol (charcoal) in colourless, prismatic needles, 
m. p. 131—131-5° (Found : C, 54:2; H, 40%). 

Mixtures of the Isomerides (C) and (D).— 


By adding (C) to (D). 


a 1000 945 8705 825 761 695 63-8 
3 Ame 129-7° 126-7° 12262 119-9° 116-1° 112-6° 1192-6° 


By adding (D) to (C). 


> AY) eee 40-4 32-9 28-1 22-3 17-1 5-4 0-0 
ia Ws. serevsees 138-2° 144-:0° 146-9° 150:3° 153-8° 161-0° 164-3° 


Nitration of o-Nitrobenz-p-phenetidide.—The phenetidide (11-8 g.) 
was derived from p-phenetidine (9 g.) and o-nitrobenzoyl chloride 
(12 g.) in pyridine (100 c.c.) solution; it crystallised from methyl 
alcohol (charcoal) in long, silky, white needles, m. p. 170—171° 
(Found : C, 62-9; H, 5:1. C,;H,,0,N, requires C, 62-9; H, 4:9%). 

o-Nitrobenz-p-phenetidide (2:25 g.) was added to a mixture of 
boiled nitric acid (10 c.c.; d 1-41) and acetic acid (40 c.c.), cooled in 
melting ice, and stirred for 1 hour; the temperature did not rise 
above 3°. The product was isolated (2-55 g., or 97-99%) (Found: 
C, 54:2; H, 4.0%). The f. p. of this material was in a neighbour- 
hood in which the determinations of f. p. were somewhat unsatis- 
factory. The nitration product (0-8397 g.) mixed with (D) (0-8366 g.) 
had f. p. 117-2°, corresponding with 78% of (D), and hence the 
original product contained 56:1% of (D). The nitration product 
(0-3856 g.) mixed with (C) (0-3977 g.) had f. p. 147-2°, corresponding 
with 27-8°% of (D), and hence had initially contained 56-5% of (D). 

2-Nitro-4-m-nitrobenzamidophenetole, (E), obtained in the usual 


_— 
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———— OO — CO .~=S—<sSC‘ 


| %(F) 67-0 60-6 52:2 47-4 41:25 34:5 26°3 9°3 


_ solved 0-03 g. of each isomeride. The washed nitration product had 


_ mean, 70-0% of (F), and correcting for the solubility in methyl 


in yellow needles, m. p. 208-5—209-5° (Found: C, 54-4; H, 3-9. 
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manner, crystallised from ethyl acetate in matted, hair-like, lemon- 
yellow needles, m. p. 202—203° (Found: C, 544; H, 43. 
C15H130,N, requires C, 54-4; H, 39%). The isomeric 3-nitro-4- 
n-nitrobenzamidophenetole, (F), crystallised from alcohol in long, 
silky, golden needles, m. p. 157-5—158° (Found: C, 54:3; H, 
40%). 

Mixtures of the Isomerides (E) and (F).— 


By adding (E) to (F). 


| RRR 100-0 93-0 89-2 82-2 80-8 73-0 
MeMs  svchcnuwenes 157-4° 153-7° 151-6° 147-9° 147-1° 143-0° 


By adding (F) to (E). 
0-0 
F.p. 152-5° 161-6° 168-9° 172-4° 177-2° 182:4° 187:0° 197-2° 201-6° 


Nitration of m-Nitrobenz-p-phenetidide.—The m-nitrobenzoyl- 
ation of p-phenetidine (5 g.) in pyridine solution gave the pheneti- 
dide, which crystallised from alcohol in pale yellow needles 
(7-2 g.), m. p. 163-5—164° (Found: C, 63-1; H, 4:7. C,;H,,0,N. 
requires C, 62-9; H, 49%). The nitration (of 2 g.) was carried out 
like that of the o-nitrobenz-p-phenetidide and the yield was 2-30 g. 
(99-49%) (Found: C, 54-4; H, 4:0; N, 12-9. Calc.: C, 54-4; H, 
39; N, 12-7%). This crude product was stirred at 18° for 3 hours 
with methyl alcohol (40 c.c.), then collected, washed with methyl 
alcohol (10 c.c.), and dried (loss in weight in the process, 0-05 g.). 
In order to determine whether this washing produced a change in 
composition, a mixture of (E) (1-0 g.) and (F) (1-0 g.) was treated 
in exactly the same manner; the recovered material (1-94 g.) had 
f. p. 170-5°, corresponding to 50% of (F), so the alcohol had dis- 


f. p. 146:0°, corresponding with 78-:7% or 705% of (F). The 
nitration product (0-9583 g.) mixed with (F) (1-2589 g.) had f. p. 
150-4°, corresponding to 87-0% of (F), and hence the initial content 
of (F) was 70%. A mixture of the nitration product (0-6811 g.) and 
(E) (0-6904 g.) froze at 182-4°, corresponding to 34:5% of (F), and 
hence the original product contained 69:5% of (F). Taking the 


alcohol, we find that the crude nitration product contained 69-4% 
of (F). 
2-Nitro-4-p-nitrobenzamidophenetole, (G), crystallised from alcohol 


C,;H,,;0,N, requires C, 54-4; H, 39%). 3-Nitro-4-p-nitrobenz- 

amidophenetole, (H), crystallised from alcohol in flat, glistening, 

orange needles, m. p. 183-5—184-5° (Found: C, 54:5; H, 41%). 
4N 
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Mixtures of the Isomerides (G) and (H).— 


By adding (G) to (H). 
oe 1000 955) 89-9) 823) 743) 69-3) 627K 
_ 2 ginal 183-4° 181-2° 178-8° 175-3° 171-42 169:0° 165:2° ca. 167° 

By adding (B) to (G). 

% (H) ...... 35:3 289 231 189 119 94 £55 00 
a 185-9° 190-4° 194-0° 196-0° 200-2° 201-6° 203-9° 207-2° 


Nitration of p-Nitrobenz-p-phenetidide.—The phenetidide crystal- 
lised from methyl alcohol in flat, pale yellow needles, m. p. 189— 
190° (Found: C, 63:0; H, 49. C,;H,,0,N, requires C, 62-9; 
H, 4:9%). p-Nitrobenz-p-phenetidide (4 g.) was nitrated at 0° 
during 1 hour by means of a mixture of boiled nitric acid (20 c.c.; 
d 1-41) and acetic acid (80c.c.). The product (yield, 99-6%) (Found : 
C, 54:4; H, 3-9; N, 13-0. Calc.: C, 544; H, 3-9; N, 12-7%) was 
washed with methyl alcohol, exactly as described above for the 
m-nitrobenznitrophenetidides, and 2-31 g. gave 2-20 g. of the dried, 
washed material. A mixture of (G) (1-0 g.) and (H) (1-0 g.) was 
washed in the standard manner and gave 1-90 g. of material, f. p. 
174-5°, corresponding to 49-0% of (H); hence the methyl alcohol 
dissolved 0-03 g. of (G) and 0-07 g. of (H). The following results 
were obtained on analysis of the washed nitration product. 


Composition, % (H): 


Mixture Isomeride . 

taken, g. added, g. F. p. From graph. Calc. from (c). 
1-0005 — 168-3° 68-5 (c) — 
1-0005 0-1249 (H) 170-2 72-1 72-0 
0-9310 0-8504 (G) 185-3 36-7 35-8 


After correction for the methyl alcohol washing, the crude nitration 
product is found to have contained 66-8% of (H). 

Attempts were made to carry out a series of nitrations of the 
nitrobenzphenetidides in 60° aqueous nitric acid, but, owing to 
the fact that the nitro-derivatives covered the surface of the crystals, 
quantitative mono-nitration could not be secured. 


We are indebted to the Department of Scientific and Industrial 
Research for grants which enabled one of us to take part in the 
investigation. 


THE UNIVERSITY, MANCHESTER. [Received, August 23rd, 1927.] 
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CCCXXIII.—Some Sulphur Derivatives of Substituted 
Benzaldehydes. 


By HERBERT HENRY HopGson and HERBERT GREENSMITH BEARD. 


Previous work on the mercaptobenzaldehydes appears to be 
limited to that of Friedlinder and Lenk (Ber., 1912, 45, 2083), 
who prepared the o- and p-mercaptans and o- and p-thioethers of 
benzaldehyde itself. The present paper records the preparation 
of several substituted benzaldehydes containing: sulphur, some of 
which exhibit remarkable properties. 

The dioxime of 3: 3'-dinitrodibenzaldehyde 4 : 4'-disulphide is a 
very stable yellow product which, unlike the corresponding 6 : 6’- 
disulphide dioxime, is converted by cold aqueous sodium hydroxide 
into what appears to be an isomeride of deeper shade, melting 30° 
lower, and decomposing with violence when heated rapidly, thereby 
resembling the second dioxime above. The conversion is accom- 
panied by a gradual and remarkable series of colour changes. 

Amino-derivatives of the benzaldehyde thioethers proved to be 
unstable, thus resembling the simple aminobenzaldehydes, although 
their solutions in acids may be diazotised normally. 

The p-nitrophenylhydrazones of 3-chloro-4- and -6-methylthiol- 
benzaldehyde were scarlet and orange, respectively, and gave bluish- 
purple and reddish-purple colorations with alkaline hydroxides, 
thus showing the much more pronounced bathochromic effect of the 
methylthiol group when para than when ortho to the hydrazine group 
(compare the azo-group, Hodgson and Handley, J., 1926, 542). 

Bromine displaces the methylthiol group from 3-amino-6-methyl- 
thiolbenzaldoxime, forming 2:4: 5: 6-tetrabromo-3-aminobenzald- 
oxime, but it decomposes the 4-methylthiol isomeride. 


EXPERIMENTAL. 

3 : 3’-Dinitrodibenzaldehyde 6 : 6'-Disulphide—This was prepared 
by gradually adding aqueous sodium disulphide (crystallised sodium 
sulphide, 48 g.; sulphur, 6 g.; water, 120 c.c.) to a solution in 
alcohol (300 c.c.) of 6-chloro-3-nitrobenzaldehyde (64 g.), and 
boiling for 2 hours; the disulphide separated quantitatively as 
a microcrystalline orange-brown powder, m. p. 230—234° (Found : 
N,7:5; 8, 20-5. C,,H,O,N,S, requires N, 7-7; S, 17-6%); yield, 
60'g. By extracting the crude product (10 g.) with boiling glacial 
acetic acid (two portions of 100 c.c.) its m. p. could be raised to 
257° (8 g.) (Found: N, 7-5; 8S, 17-6%), and the first extract 
deposited on cooling a mixture of two kinds of crystals (0-7 g.) which 
were mechanically separated and proved to be sulphur and a 


2424 HODGSON AND BEARD: SOME SULPHUR 


substance of m. p. 220°; this appears to be a mixture containing 
mainly the monosulphide (Found: N, 8-5; 8, 12-2. Cale.: N, 
8-4; S, 96%). The second extract also deposited this product, 
m. p. 220°. The first extract on dilution with water gave a pale 
straw-coloured substance (0-7 g.), m. p. 207—210° (Found: N, 8-0; 
S, 146%), probably impure monosulphide. 

Dioxime. The disulphide (3-5 g.), suspended in alcohol (60 c.c.), 
was boiled under reflux for 1 hour during the gradual addition of 
a solution of hydroxylamine hydrochloride (1-6 g.) and sodium 
acetate (2-6 g.) in water (5 c.c.)—longer boiling produced an inferior 
product. The hot mixture was filtered, the residue extracted with 
hot alcohol, and the extract added to the filtrate. The dioxime 
separates from alcohol as a straw-coloured microcrystalline powder 
which does not melt but decomposes violently between 140° and 
160° (yield, 50%) (Found: N, 14:0; 8, 16-5. C,,H,,0,N,S, 
requires N, 14:2; 8, 16-2%); it is insoluble in ether, but moderately 
soluble in acetic acid. 

Di-p-nitrophenylhydrazone. The disulphide (0-36 g.), dissolved 
in hot glacial acetic acid (100 c.c.), was treated at 50—60° with a 
solution of p-nitrophenylhydrazine (0-36 g.) in glacial acetic acid 
(5 c.c.); the hydrazone was deposited very gradually, although 
quantitatively, as red micro-needles, m. p. 283—284° (decomp.) 
(Found: §S, 9-8. C,,H,,0O,N,8, requires 8, 10:1%). Alkalis give 
an immediate reddish-purple dt A 

3 : 3'-Dinitrodibenzaldehyde 4: 4'-Disulphide——This is prepared 
almost quantitatively as above from 4-chloro-3-nitrobenzaldehyde. 
The crude product is practically pure (m. p. 228—232°), and 
crystallises from glacial acetic acid in bright yellow needles, m. p. 
237—238° (Found: N, 7-8; 8, 17-7. C,,H,O,N,S, requires N, 
7:7; 8, 17-6%). 

Dioxime. Oximation as described above was complete in 15 
minutes, as shown by the entire solubility of the product in aqueous 
sodium hydroxide. It is very sparingly soluble in all the usual 
solvents and crystallises from glacial acetic acid in fine, yellow 
needles, m. p. 260—261° (Found: N, 14:1; S, 16-3. C,,H,,0,N,8, 
requires N, 14:2; 8, 16-2% 

Behaviour towards Aqueous Sodium Hydroxide.—The yellow 
solution of this dioxime in cold aqueous sodium hydroxide under- 
goes the following sequence of colour changes during 15—30 
minutes: yellow, yellowish-green, olive-green, deep green, reddish- 
green, red. When the alkali is added to a hot aqueous suspension 
of the dioxime, the initial deep green colour rapidly turns to red. 
On acidification of the red solution with acetic or hydrochloric acid, 
a substance is precipitated (? isomeric dioxime) which possesses 4 
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deeper yellow colour than the original and is more soluble in acetic 
acid, acetone, or methyl or ethyl alcohol. This product separates 
from alcohol in crystalline clusters, m. p. 230—232° (decomp. ; 
shrinking at 160—170°) (Found: N, 14:0; 8, 15-9. C,,H,,0,N,8, 
requires N, 14-2; S, 16-2%). The change at 160—170° increases in 
violence with the rate of heating, and becomes explosive if the 
m.-p. tube is plunged in a bath at 170°. Probably this more labile 
substance is in a similar physical state to the dioxime of 3 : 3’-di- 
nitrodibenzaldehyde 6 : 6’-disulphide above. 

Di-p-nitrophenylhydrazone. This may be prepared as above, 
except that the disulphide is dissolved in only 30 c.c. of glacial acetic 
acid. The product separates immediately as a fine, orange-red, 
microcrystalline powder, m. p. 305—310° (decomp.) (Found : 
8, 10-0. C,,H,,0,N,S, requires S, 10-1%); it gives a claret colour 
with alkalis. 


Preparation of Thioethers from the Disulphides. 


3-Nitro-6-methylthiolbenzaldehyde.—The corresponding disulphide 
(10 g., m. p. 257°), suspended in alcohol (50 c.c.), was treated 
gradually with a solution of sodium hydroxide (12 g.) and crystal- 
lised sodium sulphide (5 g.) in water (60 c.c.). Dissolution rapidly 
ensued with rise of temperature, and after the dark red mixture 
had been kept at 50—60° for 15 minutes, it was cooled, diluted with 
water (100 c.c.), and vigorously stirred with methy] sulphate (10 c.c.). 
The granular product (8-8 g.) was extracted with hot 60% acetic 
acid and left a very sparingly soluble product (this contained 
an aldehyde group, but has not been identified). The 3-nitro- 
6-methylthiolbenzaldehyde was precipitated by dilution of the acetic 
acid extract, and on recrystallisation from this acid it separated in 
pale straw-coloured needles, m. p. 159—160° (Found: N, 7:2; 
8, 16-3. C,H,O,NS requires N, 7-1; 8, 16-2%). The by-product 
was always obtained in spite of many attempts to prevent its 
formation under different conditions; its production was minimised 
by the vigorous agitation. 

The oxime crystallises from alcohol in colourless needles, m. p. 
187° (Found: N, 13-4; S, 15:2. C,H,O,N,S requires N, 13-2; 
8, 15-1%), and forms a pale yellow, sparingly soluble sodium salt. 
The p-nitrophenylhydrazone crystallises from glacial acetic acid 
in reddish-orange needles, m. p. ‘250—252° (Found: S, 9:8. 
C,,H,.0,N,S requires 8, 96%), and gives a claret colour with 
alkalis. 

3 - Nitro - 4 - methylthiolbenzaldehyde.—When 3: 3’ - dinitrodibenz- 
aldehyde 4 : 4’-disulphide is reduced by the above procedure, it is 
essential that the time and temperature of reduction be rigidly 
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adhered to; methylation then gives a bright yellow, flocculent 
precipitate, which is very difficult to filter off and dry; dilution of 
the reaction mixture with three times its volume of water, however, 
facilitates the filtration (yield, 92%). Extraction with 60% acetic 
acid leaves almost pure 3-nitro-4-methylthiolbenzaldehyde, which 
crystallises from dilute acetic acid in yellow plates, m. p. 141— 
142° (Found: N, 7:3; S, 16-0. C,H,O,NS requires N, 7-1; §, 
162%). 

The acetic acid extract contained in addition to the above product 
a non-aldehydic substance which was separated by oximation as 
follows: The crude product (10 g.), suspended in alcohol (60 c.c.), 
was boiled for 2 hours under reflux with a solution of hydroxylamine 
hydrochloride (3-5 g.) and sodium acetate (6 g.) in water (5 c.c.); 
the mixture was diluted with water (100 c.c.), made alkaline with 
sodium hydroxide, and heated to 50°, whereby about 70% dissolved. 
On acidification of the filtered solution, 3-nitro-4-methylthiolbenz- 
aldoxime was precipitated; it crystallised from alcohol in yellow 
needles, m. p. 210° (Found : N, 13-5; S, 15-2. C,H,O,N,S requires 
N, 13:3; 8, 15-1%). This product was totally insoluble in water, 
only sparingly soluble in the usual solvents, and formed an orange 
sodium salt which gave a red solution in water. 3-Nitro-4-methyl- 
thiolbenzaldehyde-p-nitrophenylhydrazone crystallises from glacial 
acetic acid as an orange, microcrystalline powder, m. p. 294—296° 
(decomp.) (Found: S, 9-7. C,,H,.0,N,S requires S, 9-6%), and 
gives a claret colour with alkalis. 

3-Nitroso-4-methylthiolbenzyl Alcohol ( ?).—The residue (3 g.) from 
the foregoing oximation separation crystallises from hot water in 
orange-yellow needles, m. p. 127°, and is moderately soluble in the 
usual solvents. The colours given with concentrated sulphuric acid 
and alcoholic potassium hydroxide are light cherry-red and deep 
reddish-orange, respectively, in contrast to the deep red and pale 
yellow given by 3-nitro-4-methylthiolbenzaldehyde. The product 
forms neither an oxime nor a p-nitrophenylhydrazone; it does 
not respond to Liebermann’s nitrosoamine reaction, but when 
heated with hydriodic acid (d1-7) it gives methyl iodide and a 
mercaptan. Further, it only gradually gives a silver mirror when 
warmed with ammoniacal silver nitrate, and is, in general, a less 
active reducing agent than the above thioether (Found: C, 52:2, 
52-3, 52-3; H, 5:31, 5-26, 5-25; N, 7-72, 7-76, 7-7; 8, 17-3, 17:3, 
17-4; M, cryoscopic in naphthalene, 182, 182. C,H,O,NS requires 
C, 52-4; H, 4-9; N, 7-65; 8, 17-4%; M, 183). On reduction with 
titanous sulphate, only 3 atoms of hydrogen were used, but 3-nitro- 
4-methylthiolbenzaldehyde consumed only 5 atoms instead of the 
anticipated 6. The data agree with those required for 3-nitroso- 
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4-methylthiolbenzyl alcohol, but this constitution is only tentatively 
adopted. 

Reduction of the Nitrobenzaldehyde Thioethers and Preparation 
of the Chlorobenzaldehyde Thioethers.—The thioether (5 g.), suspended 
in water (80 c.c.), was reduced by adding sodium hyposulphite (18 g.) 
all at once (about 1 g. of an insoluble complex by-product was invari- 
ably formed). The resulting aminobenzaldehyde thioether could be 
precipitated by alkalis, but was almost unfilterable and resinified 
rapidly on keeping (compare m-aminobenzaldehyde); the reaction 
mixture was therefore acidified at 0—10° with hydrochloric acid, 
diazotised by solid nitrite (12 g.), and decomposed in the usual way 
with cuprous chloride, the chloro-compound being removed by 
distillation with steam. 

3-Chloro-6-methylthiolbenzaldehyde is readily soluble in the usual 
solvents and crystallises from alcohol in colourless cubes, m. p. 65° 
(Found: Cl, 19-1. C,H-,OCIS requires Cl, 19-0%); yield, 1-6 g. 
Its oxime crystallises from alcohol in colourless needles, m. p. 114° 
(Found: Cl, 17-5. C,H,ONCIS requires Cl, 17-6%), and its 
p-nitrophenylhydrazone from glacial acetic acid in orange needles, 
m. p. 246°, giving a reddish-purple colour with alkalis. 

3-Chloro-4-methylthiolbenzaldehyde was obtained in much smaller 
yield than its isomeride, and was not so readily volatile in steam. 
It is soluble in the usual solvents and crystallises from alcohol in 
colourless needles, m. p. 58—59° (Found: Cl, 18-9%). Its oxime 
erystallises from alcohol in colourless needles, m. p. 134° (Found : 
Cl, 17-6%), and the p-nitrophenylhydrazone from glacial acetic acid in 
scarlet micro-needles, m. p. 222—223°, which give a bluish-purple 
colour with alkalis. 

Reduction of the Oximes of 3-Nitro-4- and -6-methylthiolbenz- 
aldehyde.—The oxime (2 g.), dissolved in 20° aqueous sodium 
hydroxide (4 c.c.), was added to a boiling solution of ferrous sulphate 
(18 g.; crystallised) in water (100 c.c.); ammonia was added 
periodically and the boiling continued for 1 hour. The hot mixture 
was filtered, and the aminomethylthiolbenzaldoxime separated 
in colourless needles on cooling; yield, 80°. 

3-Amino-6-methylthiolbenzaldoxime, m. p. 140° (Found: N, 15-5. 
C,H, ,ON,S requires N, 15-4%), was treated with bromine water in 
hydrochloric acid solution at 0°, whereupon 2 : 4: 5 : 6-tetrabromo- 
3-aminobenzaldoxime was formed;- it crystallised in colourless 
needles, m. p. 202—203° (Found : Br, 70-0. C,;H,ON,Br, requires 
Br, 708%), from glacial acetic acid. This product contains no 
sulphur, is soluble in alkalis, and diazotises in concentrated sulphuric 
acid solution; the diluted diazo-solution couples with alkaline 
§-naphthol, 
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3-Amino-4-methylthiolbenzaldoxime, m. p. 100° (Found : N, 153%), 
is decomposed by bromine into a tarry complex substance insoluble 
in alkalis. 

Analytical Note-——Estimations of sulphur by the Carius method 
in products containing the methylthiol group were without exception 
too low, but the oxidation method with sodium peroxide proved 
satisfactory. 
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CCCXXIV.—The Ring Structure in Normal Galactose. 
Oxidation of Tetramethyl 8-Galactonolactone. 


By Watter Norman HawortH, EpmMunp Laneiey Hirst, and 
Davin Ipris JONES. 


THe form of galactose present in «- and $-methylgalactosides, 
lactose, raffinose, and melibiose is recognisable as the form which 
appears in crystalline tetramethyl galactose (Haworth and Long, 
this vol., p. 544; Charlton, Haworth, and Hickinbottom, ibid., 
p. 1527; compare Schlubach and Moog, Ber., 1923, 56, 1957). This 
compound is readily characterised by its physical properties and by 
its crystalline anilide. Its oxidation to tetramethyl 8-galactono- 
lactone has also been described (Haworth, Ruell, and Westgarth, 
J., 1924, 125, 2468). In the present series of experiments, this 
lactone has again been examined and the characteristic crystalline 
phenylhydrazide (m. p. 135—137°) of the corresponding tetramethyl 
galactonic acid has been prepared. From the latter compound the 
lactone can readily be regenerated and the purified product obtained 
in this way has properties which are indistinguishable from those 
previously recorded. The oxidation of this lactone was conducted 
with nitric acid (d 1-42), and from this treatment a liquid product 
resulted which was isolated in the form of the methyl ester. That 
this consisted almost entirely of methyl l-arabotrimethoxyglutarate 
was shown by its conversion into the crystalline amide and methy]- 
amide. The degradative oxidation of the original sugar was thus 
carried out in two stages, involving first the oxidation to the lactone 
by bromine water, and secondly its conversion into a dibasic acid; 
and this mode of procedure in stages possesses the distinct advantage 
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that the final product is essentially homogeneous, whereas this is not 
the case when the sugar is oxidised direct with nitric acid (compare 
Hirst, J., 1926, 350). Only a trace of d-dimethoxysuccinic acid, 
which was isolated as the diamide, was found to be present in the 
oxidation product. The absence of any trace of tetramethoxymucic 
acid excludes the possibility of a 1:6-oxide linking. The l-arabo- 
trimethoxyglutaramide was recognised by its rotation [«]) + 50° 
in water, and by its decomposition on heating at 230°. Direct 
comparison with an authentic specimen prepared from arabinose 
(Hirst and Robertson, J., 1925, 127, 358) indicated its identity. 
When the ester was treated with methylamine in methyl-alcoholic 
solution, the crystalline 1-arabotrimethoxyglutaromethylamide (ITI) 
separated as needles, m. p. 173°; [a«]i§° + 59-9°. Comparison with 
an authentic specimen prepared by an alternative method, viz., 
from pure methyl /-arabotrimethoxyglutarate obtained from normal 
trimethyl arabinose, proved its identity (Haworth and Jones, this 
vol., p. 2349). Since the crystalline methylamide has a definite m. p. 
(without decomposition) the comparison could in this case be made 
by means of a mixed m.-p. determination, a procedure which cannot 
be followed with equal certainty with the crystalline amide. 

These results prove the constitution of the tetramethyl 3-galacto- 
nolactone, and lead by inference to the conclusion that crystalline 
tetramethyl galactose possesses an amylene-oxide structure, as was 
previously suggested on other grounds (Pryde, J., 1923, 123, 1808; 
Haworth, Ruell, and Westgarth, loc. cit.). This sugar should now . 
de definitely indexed as 2:3: 4:6-tetramethyl galactose (I), and the 
derived lactone as 2:3:4:6-tetramethyl galactonolactone (II). By 
inference, it is concluded that free galactose possesses the amylene- 
oxide structure, since there appear to be no reasonable grounds for 
postulating a difference in ring structure between galactose and 
a- and §-methylgalactosides (compare Drew and Haworth, J., 1926, 


2308). 
H:OH oo-+ 
H-C-OMe H--OMe | CO-NHMe 
Me0-C-H MeOC-H 0 H-C-OMe 
MeO-O-H MOC-H | MeO-C-H 
-- no-——— Me0-0-H 
CH,*OMe CH,*OMe CO-NHMe 
(I.) (II.) (IIT.) 


EXPERIMENTAL. 


Preparation of Tetramethyl Galactose—Octamethyl lactose 


(Haworth and Leitch, J., 1918, 113, 198) was hydrolysed in the 
4n2 
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usual manner with aqueous hydrochloric acid, the neutralised 
solution being thereafter extracted with chloroform to remove the 
tetramethyl galactose. The crude tetramethyl galactose so 
obtained was purified by conversion into the crystalline anilide 
(m. p. 192°), which is easily obtainable in a very pure state (Irvine 
and MeNicoll, J., 1910, 97, 1454). Hydrolysis of the anilide with 
5% aqueous hydrochloric acid (Haworth, Ruell, and Westgarth, 
J., 1924, 125, 2473), followed by distillation of the product, now 
gave a pure specimen of tetramethyl galactose in the form of a 
syrup containing both the «- and §-modifications of the sugar; 
ni” 1-4682; [a] + 118° in water (c = 1-9; equilibrium value). 
A small quantity of this syrup dissolved in ether yielded crystals 
when rubbed with a glass rod during the evaporation of the solvent. 
When nucleated with this crystalline material, the main bulk 
crystallised readily to give in good yield solid tetramethyl] galactose, 
m. p. 71—72° after recrystallisation from light petroleum (compare 
Schlubach and Moog, loc. cit.). 

Preparation of Tetramethyl 8-Galactonolactone.—For comparative 
purposes three methods were employed for the preparation of this 
lactone. In the first, the directions given by Haworth, Ruell, and 
Westgarth were followed, the liquid tetramethyl galactose mentioned 
above being used; the resulting lactone was a liquid whose physical 
constants were in exact agreement with those previously recorded. 
The second method involved the preparation of the lactone from 
crystalline tetramethyl] galactose, the experimental conditions being 
otherwise unchanged. The product (b. p. with bath temperature 
163—166°/0-18 mm.; nj} 1-4606) was a liquid which could not be 
induced to crystallise (0-1603 G. required 6-9 c.c. of N/10-sodium 
hydroxide for neutralisation. Calc. : 6-85 c.c.). 

A polarimetric study of its behaviour in aqueous solution showed 
[«]>p + 157° approx. (initial value by extrapolation); [«]) + 26-2° 
(equilibrium value after 14 hours). The values of [«]) plotted against 
time gave a curve indistinguishable from that already recorded by 
Haworth, Ruell, and Westgarth (loc. cit.) and by Drew, Goodyear, and 
Haworth (this vol., p. 1237). The third method for preparing the 
lactone in a highly pure condition lay in the regeneration of the 
compound from the crystalline phenylhydrazide of the corresponding 
2:3:4:6-tetramethyl galactonic acid. The lactone (1-9 g.) prepared 
from the liquid tetramethyl galactose («+ 8 forms) was mixed with the 
theoretical amount of freshly distilled phenylhydrazine and sufiicient 
ether to form a homogeneous solution. The mixture was heated on 
the water-bath for 30 minutes and a solid mass remained. ‘This was 
broken up, rubbed with ether, and filtered, giving a white, crystalline 
solid (2-55 g.; m. p. 135—137°), which was the pure phenylhydrazide 
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of tetramethyl galactonic acid. Recrystallisation from ether or 
benzene failed to raise the m. p. (Found: C, 56-25; H, 7-5; N, 8-5; 
OMe, 32:4. C,,H,,O,N. requires C, 56-1; H, 7-6; N, 8-2; OMe, 
36:°3%). The phenylhydrazide (1-9 g.) was treated with a slight 
excess of NV /10-aqueous hydrochloric acid (60 c.c.) and heated at 100° 
for 3 hours. This gave a pale yellow solution, which was evaporated 
to dryness under diminished pressure, the residue being finally dried 
for 2 hours at 100°/12 mm. The lactone was then extracted by dry 
chloroform containing a little ether, and after removal of the solvent 
and thorough drying, it was finally purified by distillation to give a 
colourless liquid (1-09 g.), nj" 1-4609; [«], + 156° (initial value). 
Equilibrium value after 14 hours +26-1°. 0-3139 G. required for 
neutralisation 13-6 c.c. of N/10-sodium hydroxide (Calc. : 13-4 e.c.). 

Oxidation of Tetramethyl 8-Galactonolactone with Nitric Acid.—The 
lactone used was a specially purified specimen (n}* 1-4606) which 
conformed exactly in its polarimetric behaviour to the standards 
accepted for the pure lactone. A solution containing 5 g. of lactone 
in 40 c.c. of nitric acid (d 1-42) was gently warmed for $ hour at 
50—60°, whereupon oxidation commenced. The reaction continued 
slowly and smoothly as the temperature was gradually raised to 90°, 
and appeared to be complete after 6 hours at this temperature. 
Throughout the subsequent dilution, removal of the nitric acid and 
water by distillation under diminished pressure, and esterification 
of the oxidation products with methyl alcohol, the usual methods 
were employed, details of which have already been published. The 
esterified product was obtained as a clear, mobile liquid weighing 
4:33 g. This was neutral to litmus and without action on Fehling’s 
solution. Distillation gave (I) 3-6 g., b. p. 95°/0-08 mm., nj}” 1-4359, 
[a] + 44-7° in water (c = 1-2); (II) 0-56 g., b. p. 110°/0-18 mm., 
ni” 1-4369, [«]%” + 338° in water (c= 2). The first fraction 
agreed in physical properties with methyl /-arabotrimethoxy- 
glutarate (Hirst and Robertson, loc. cit.) and analysis showed it to 
be very nearly pure (Found: C, 47-6; H, 7-3; OMe, 58-8. Cale. 
for C,,H,,0,: C, 48-0; H, 7-2; OMe, 62-0%). 

Confirmation was obtained by the formation of the corresponding 
amide. The ester (0-97 g.) dissolved in methyl-alcoholic ammonia 
(10 c.c.) gave after 15 hours a first crop of crystals in the form of 
needles, m. p. 270—278° (decomp.), which appeared to be a mixture 
of d-dimethoxyglutaramide and, /-arabotrimethoxyglutaramide 
(Found: C, 41-6; H, 7:15; N, 14:0; OMe, 33-4%). The main 
crop, which crystallised in the course of a few days, weighed 0-55 g. 
(yield 63% of theory). Recrystallised from methyl alcohol, this 
material decomposed at 230° with evidence of melting beginning at 
228°, and it was shown to be /-arabotrimethoxyglutaramide by com- 
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parison with an authentic specimen; [a]p ++ 50-2° in water (c = 
1-14) (Found: C, 43-2; H, 7:2; N, 12-4; OMe, 40-1. Calc.: 
C, 43-6; H, 7-3; N, 12-7; OMe, 42-2%). 

The corresponding methylamide was prepared by dissolving the 
ester (0-46 g.) in methyl alcohol (6-0 c.c.) saturated with methyl. 
amine, and allowing the solution to remain at room temperature for 
4 days. After removal of the solvent in a vacuum desiccator, the 
resulting solid mass was recrystallised from ethyl acetate, giving 
needles ; m. p. 172°, alone or mixed with an authentic specimen of 
the methylamide (Haworth and Jones, loc. cit.) prepared from pure 
methyl /-arabotrimethoxyglutarate; yield 0-4 g.; [«]}” + 59-9° 
(Found : C, 48:3; H, 8-2; N, 10-9; OMe, 35-55. Calc.: C, 48-35; 
H, 8-1; N, 11-2; OMe, 36-4%). 

UNIVERSITY OF BIRMINGHAM, 

EDGBASTON. [Received, July 25th, 1927.] 


CCCXXV.—1:3:4:6-Teiramethyl (y-)Fructose and 
2:3:5-Trimethyl (y-)Arabinose. Oxidation of d- 
and |-T'rimethyl y-Arabonolactone. 


By Water Norman Hawortu, EpmMunp Laneigy Hirst, and 
ABRAHAM LEARNER. 


THE representative of the so-called y-sugars in the arabinose series 
was first prepared as /-trimethyl y-arabinose by Baker and Haworth 
(J., 1925, 127, 365), who assigned a butylene-oxide structure to this 
sugar for the reason that it gave on oxidation with bromine water a 
crystalline trimethyl arabonolactone which was characterised as a 
y-lactone. The latter conclusion was confirmed by Haworth and 
Nicholson (J., 1926, 1899), who showed thatunsubstituted y-arabono- 
lactone prepared by oxidation of l-arabinose gave, on methylation, 
the same crystalline trimethyl] derivative as Baker and Haworth had 
isolated by oxidation of trimethyl y-arabinose (I). 

The allocation of a butylene-oxide structure to both the lactone 
and the sugar was supported by the comparison of the rate of 
hydrolysis of the former with that of other y-lactones (Charlton, 
Haworth, and Peat, J., 1926, 89; Drew, Goodyear, and Haworth, 
this vol., p. 1242). These conclusions have now been tested by 
degradation of J-trimethyl y-arabonolactone by oxidative methods 
which are herein described. 

In the meantime, the corresponding optical enantiomorph, viz., 
d-trimethyl y-arabonolactone, has also been isolated (Avery, 
Haworth, and Hirst, this vol., p. 2308) from the products of oxi- 
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dation of tetramethyl y-fructose. The crystalline form, melting 
point, and magnitude of specific rotation of the two specimens were 
identical, but the sign of rotation was opposite. It became evident 
that the final proof of the constitution of this lactone was an issue 
of considerable importance in the structural chemistry of the sugars, 
since the solution of the problem of the structure of sucrose rested 
upon this proof. Accordingly, the two enantiomorphous specimens 
of trimethyl y-arabonolactone were submitted independently to 
oxidation with nitric acid (d 1-42). The product isolated from the 
l-trimethyl y-arabonolactone (II) was recognised as d-dimethoxy- 
succinic acid (III), inasmuch as it gave a crystalline amide and a 
crystalline methylamide which were identical with authentic 
specimens specially prepared from d-tartaric acid. 


.H-OH ——90 0,H 
H-0-OMe |  H-O-OMe H-C-OMe 
° MceO-O-H _—" i Mec0-C-H —> Me00-H 
L ‘H H CO,H 
CH,-OMe CH,OMe 
(I.) (II.) (III.) 
CH,-OMe a 0.H 
HO- Me0-C-H Me0-0-H 
coe | 5 H6-0Me a H-0-OMe 
H-C-OMe 9 oo) esol CO,H 
ae CH,"OMe 
CH,-OMe 
(IV.) (¥,) (VI.) 


Similarly, the d-variety of trimethyl y-arabonolactone (V), which 
had been isolated from tetramethyl y-fructose (IV), gave onoxidation 
l-dimethoxysuccinic acid (VI); this was characterised as the 
crystalline amide and methylamide, which were identified as before 
by direct comparison with authentic specimens prepared for this 
purpose from /-tartaric acid (Haworth and Jones, this vol., p. 2349). 

These experimental results must be considered in relation to the 
structurally isomeric trimethyl 8-arabonolactone, which has been 
shown to be amylene-oxidic and to give rise on oxidation (Haworth 
and Jones, loc. cit.) to l-arabotrimethoxyglutarice acid, which was 
similarly characterised through the crystalline methylamide (com- 
pare Hirst and Robertson, J., 1925, 127, 358). It was therefore 
demonstrated that whilst normal trimethyl arabinose contains an 
amylene-oxide ring, the trimethyl y-arabinose, on the other hand, 
has a butylene-oxide structure; that /-trimethyl y-arabonolactone 
derived from the latter sugar must be indexed as 2: 3 : 5-trimethyl 
arabonolactone, and that to the d-isomeride isolated in the manner 
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indicated above as a degradation product of the fructose residue in 
methylated sucrose is similarly to be assigned the constitution of 
d-2:3:5-trimethyl arabonolactone. These conclusions confirm 
in their entirety the inferences already drawn from the results of the 
earlier studies of the lactones and of the reference compounds herein 
described. 

An additional point of interest which emerges from the further 
study of these lactones is that the two y-lactones displayed great 
stability towards nitric acid, contrasting remarkably with the labile 
character of the corresponding 35-lactone of this series and also with 
other &-lactones which have hitherto been submitted to oxidative 
degradation. This behaviour is in harmony with the distinctive 
properties of y- and 5-lactones which have already been elucidated 
in the course of earlier work (Drew, Goodyear, and Haworth, loc. cit.). 


EXPERIMENTAL. 


Oxidation of 1-T'rimethyl y-Arabonolactone.—Arabonic acid, 
obtained in the usual way from arabinose by the action of bromine 
water, was purified by conversion into the cadmium salt, which could 
be readily recrystallised from water in place of alcohol as mentioned 
in the literature. After removal of the cadmium as sulphide, the 
lactone was obtained on concentrating the aqueous solution (Bauer, 
J. pr. Chem., 1884, 30,367; 1886, 34,46). J-Trimethyl y-arabono- 
lactone was then obtained by methylating arabonolactone (Haworth 
and Nicholson, loc. cit.). It had m. p. 30—32° alone or mixed with 
specimens prepared from arabonolactone and from trimethyl 
y-arabinose (Baker and Haworth, loc. cit.); [«]p —44° in water 
(initial value) decreasing to —25° after 20 days. A solution con- 
taining 1-7 g. of this material in 17 c.c. of nitric acid (d 1-32) was 
heated on the water-bath until reaction commenced at 95°. At this 
temperature, evolution of nitrous fumes took place slowly, and the 
oxidation was allowed to proceed for 7 hours at 95—100°. Even 
then no definite end-point had been reached, but the rate of reaction 
had become extremely slow. 35 C.c. of distilled water were then 
added, and the nitric acid was removed by distillation under 
diminished pressure with frequent additions of water. The product 
was thus obtained as a colourless syrup, which was esterified by 
digestion for 8 hours with 40 c.c. of methyl alcohol containing 1-6 g. 
of hydrogen chloride. The mineral acid was neutralised in the usual 
way with silver carbonate, the solvent evaporated, and the esterified 
oxidation product purified by distillation, which proceeded smoothly 
only after a preliminary heating for 3 hours at 120°. This effected 
the transformation of some methyl trimethylarabonate into the 
lactone of the corresponding acid. During the preliminary heating, 
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a small quantity of methyl oxalate was collected. The main 
fraction (A) distilled from a bath at 159—170°/16 mm., giving a 
colourless syrup (0-8 g.), nj} 1-4391; [«]if +41-5° in water (c = 1-1; 
initial value) (0-1041 G. required, as lactone, 2-0 c.c. of N/10-sodium 
hydroxide for neutralisation; for hydrolysis and neutralisation, 
8-7 c.c.). These properties correspond with those required by a 
mixture containing approximately 65% of methyl d-dimethoxy- 
succinate and 35% of /-trimethyl arabonolactone. The presence of 
methyl d-dimethoxysuccinate was proved by the formation of the 
corresponding amide and methylamide. The distillate (A) (0-23 g.), 
dissolved in 2-3 c.c. of methyl-alcoholic ammonia, gave, after 40 
hours, 0-07 g. of d-dimethoxysuccinamide, the identity of which was 
confirmed by comparison with an authentic specimen, melting to a 
dark liquid at 269°, decomposing rapidly at 283°; [«]) +97° in 
water (c = 0-433) (Found: C, 40-7; H, 6:8; OMe, 33-7. Cale. 
for C,H,.0O,N,: C, 40-9; H, 6-8; OMe, 35-2%). Again, 0-13 g. 
of the distillate (A), dissolved in 1:3 c.c. of methyl alcohol 
saturated with methylamine, gave crystals on evaporation of the 
soivent after 3 days. These recrystallised from ethyl acetate as long 
needles (yield, 0-06 g.), m. p. 205—206°, alone or mixed with an 
authentic specimen of the methylamide of dimethoxysuccinie acid 
prepared from d-tartaric acid (Haworth and Jones, loc. cit.). No 
trace of the amide or methylamide of trimethoxyglutaric acid could 
be detected in the course of these experiments. 

Oxidation of d-Trimethyl y-Arabonolactone-—The d-trimethyl 
y-arabonolactone was prepared from tetramethyl y-fructose by the 
method described by Avery, Haworth, and Hirst (this vol., p. 2317) ; 
it had m. p. 33°; [a]p +44-5° (initial value) in water —> +25-5° 
(after 20 days). This material (2-5 g.) was dissolved in 28 c.c. of 
nitric acid (d 1-42), the procedure thereafter being similar to that 
described above. A small quantity of oxalic acid (identified as 
methyl oxalate) was formed during the oxidation. The esterified 
product was distilled from a bath at 155—160°/13 mm., and gave 
1:42 g. of colourless syrup (B), njj 14400; [«]p — 50° in methyl 
alcohol (c = 1-50) (0-0581 G. required 1-0 c.c. of N/10-sodium 
hydroxide for neutralisation, as lactone, and 4-9 c.c. of N/10-sodium 
hydroxide for complete hydrolysis and neutralisation). These 
figures correspond to a mixture containing 32% of methyl I-di- 
methoxysuccinate and 68%, of d-trimethyl y-arabonolactone. The 
amide [yield 0-202 g. from 0-50 g. of the product (B)], prepared in 
the usual way, was obtained as long needles, which melted after 
preliminary darkening at 245—250° to a dark liquid at 270° (rapid 
decomp. at 283°); [«]}s" — 94° in water (c = 0-9) (Found: C, 40-9; 
H, 6-8; N, 15-7; OMe, 33-2. Calc. for C,H,,0,N,: C, 40:9; H, 
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68; N, 15-9; OMe, 35:2%). The corresponding methylamide was 
also prepared as long needles (from ethyl acetate), m. p. 204—205° 
alone or mixed with a specimen of the methylamide of /-dimethoxy- 
succinic acid prepared from /-tartaric acid (Haworth and Jones, 
loc. cit.). 

No trace of the amide or methylamide of trimethoxyglutaric acid 
was found in the mother-liquors arising from these experiments. 


The authors wish to express their thanks to the Department of 
Scientific and Industrial Research for a maintenance grant to one of 
them. 
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CCCXXVI.—The Structure of the Normal and y-Forms 
of Tetramethyl Glucose. Oxidation of Tetramethyl 
6- and y-Gluconolactones. 


By Water NormMaN HawortuH, EDMUND LANGLEY Hirst, and 
ERNEST JOHN MILLER. 


In a paper on the revision of the structural formula of glucose 
(Charlton, Haworth, and Peat, J., 1926, 89), the constitution 
assigned to the usual form of tetramethyl glucose represented this 
sugar as an amylene oxide, whilst the butylene-oxide formula was 
assigned to its labile or y-form. The experimental basis for these 
conclusions was the recognition that the lactones derived from these 
two sugars were, respectively, 5- and y-lactones. These conclusions 
have been tested in the course of subsequent work (Drew, Goodyear, 
and Haworth, this vol., p. 1237), and further experimental data are 
now furnished which confirm the recognition of the two forms of the 
methylated sugar as 2 : 3 : 4 : 6-tetramethy] glucose (i.e., the normal 
crystalline variety) and 2: 3:5: 6-tetramethyl glucose (the labile 
or y-variety, which is a liquid). This inference with respect to the 
normal form of the sugar was supported by the direct oxidation of 
the normal crystalline sugar with nitric acid (Hirst, J., 1926, 350). 
Tetramethyl 8-gluconolactone has been prepared in a condition 
of greater purity by preliminary conversion into the crystalline 
phenylhydrazide (m. p. 115°; [«]p + 42-1° in ethyl alcohol) of the 
corresponding acid, followed by regeneration of the lactone from 
this derivative. The physical constants of the regenerated lactone 
differ but slightly from those already recorded, and the substance is 
still recognised as a liquid. On the other hand, the lactone derived 


kot 
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by oxidation of the liquid tetramethyl y-glucose is crystalline, and 
the physical constants are also on record (Drew, Goodyear, and 
Haworth, loc. cit.). 

The study of these two lactones has now been continued by the 
application of the method of direct oxidation with nitric acid. Tetra- 
methyl 8-gluconolactone, when treated with this reagent, gave a mix- 
ture of methoxyglutaric and methoxysuccinic acids, which were 
separated and identified through their crystalline amides and methy]l- 
amides. Whilst the comparison of the amides with authentic specimens 
could be made witha considerable measure of certainty, yet, for reasons 
already explained (Haworth and Jones, this vol., p. 2349), it appeared 
to be advantageous to strengthen the validity of such comparisons 
by the adoption of the methylamides as reference compounds; but 
it should be added that the preparation of the amides enables a more 
satisfactory estimate to be made of the yields of the products of 
oxidation. The experiments have shown that the 8-lactone is 


‘een ‘=m 
OH-OH | fy 00.H 0,H 
H-C-OMe H-C-OMe H-0-OMe H-C-OMe 
MeO-C-H >mMe00-H 2 MeO-C-H and MeO-0-H 
H-C-OMe H-C-OMe H-C-OMe CO,H 
H: H: CO,H 
CH,*OMe H,-OMe 
(I.) (II.) (IIT.) (IV.) 


co 
H-OH O | 
H-C-OMe Ho-0Me O 


MeO:0-H | —> Me0-0-H 


a 

‘ eo on H-(-OMe 
ea CH,*OMe 
(V.) (VI.) 


| | | 
OOH 0 CH-OMe | CH-OMe : \H-OMe | 
( 


O “Oo 
H-OH), ;>(CH-OMe), | >(CH-OMe). ) > (CH-OM > (1) 
CH— ol so nad Sn Ga — = 
CH,°0-CPh, CH,°0-CPh, CH,-OH CH,"OMe 

(VII.) (VIII.) (IX.) (X.) 


degraded to give a considerable yield (47%) of t-xylotrimethoxy- 
glutaric acid (III) and a smaller yield (20%) of d-dimethoxy- 
succinic acid (IV), since the methylamides of these products were 
shown to be identical with authentic specimens prepared from other 
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sources. The isolation of the xylotrimethoxyglutaric acid affords 
definite proof that the oxygen of the oxide ring cannot be attached 
to carbon atom 2, 3, or 4, since the stereochemical arrangement of 
the groups associated with these carbon atoms is preserved in the 
i-xylotrimethoxyglutaric acid. On the other hand, the possibility 
of the attachment of the oxygen of the ring to carbon atom 6 in 
normal glucose derivatives is excluded by a large number of observ- 
ations, amongst which may be mentioned (1) the oxidation of methy]- 
glucoside to the methylglucoside of glycuronic acid (Smolenski, 
Rocz. Chem., 1923, 3, 153); (2) the preparation herein described of 
2:3: 4-trimethyl -methylglucoside (IX) [which is readily converted 
into normal tetramethyl methylglucoside (X)] from 6-tripheny]- 
methyl glucose (VII), the constitution of which has been proved by 
Helferich, Klein, and Schafer (Annalen, 1926, 447, 19). The only 
remaining point for the attachment of the oxygen of the ring is 
the 5-position. The conclusion is therefore drawn that the struc- 
tural formula (II) represents the constitution of tetramethy] 
8-gluconolactone, and thus the formula (I), which represents crystal- 
line tetramethyl glucose as an amylene oxide, is confirmed. 

Similar experiments were conducted on the degradative oxidation 
of tetramethyl y-gluconolactone, and these revealed the greater 
stability of this lactone towards nitric acid as compared with the 
8-lactone. A further distinction is that a portion of the lactone 
appeared to undergo very profound degradation during the oxida- 
tion, a circumstance which has a definite bearing on the constitution 
of the substance. The only dibasic acids definitely recognised in 
the products from this treatment were oxalic acid and d-dimethoxy- 
succinic acid (IV), which was isolated as the amide and methylamide, 
both of which are crystalline, the latter compound being compared 
with an authentic specimen of the methylamide obtained ultimately 
from d-tartaric acid (compare Haworth and Jones, loc. cit.). An 
exhaustive but unsuccessful search was made for the presence of a 
glutaric acid derivative, the experimental conditions being such that 
the presence of a derivative of this acid could easily have been 
detected had it been formed. The isolation of d-dimethoxysuccinic 
acid from tetramethyl y-gluconolactone proves definitely that the 
oxygen of the oxide ring cannot be attached to carbon atom 2 or 3, 
and thus the propylene-oxide formula for y-glucose derivatives, 
advocated by Irvine and Patterson (J., 1922, 121, 2152), is definitely 
disproved. Again, the oxygen of the ring cannot be attached at 
position 6, since tetramethy! y-gluconolactone is derivable (in two 
stages) from 2:3: 6-trimethyl glucose (Charlton, Haworth, and 
Peat, loc. cit.) but not from the 2:3:4-isomeride. The failure to 
isolate trimethoxyglutaric acid, when considered in relation to the 
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fact that the amylene-oxide structure has already been assigned to 
the 8-lactone, suffices to exclude the possibility of attachment of the 
oxide ring at carbon atom 5, and it follows, therefore, that the 
oxygen of the ring must be linked to carbon atom 4. Tetramethyl 
y-glucose and its related lactone are thus seen to have a butylene- 
or y-oxide structure (V and VI). 

In the above reaction, scission of the lactone had occurred at the 
point indicated by the dotted line drawn between the fourth carbon 
atom, which is attached to one junction of the oxide ring, and the 
fifth carbon atom of the chain. Consideration of alternative methods 
by which a compound of formula (VI) could undergo scission appears 
to supply a reason for the failure to obtain d-dimethoxysuccinic acid 
in a yield greater than 20%. A comparison with the course which 
the oxidation of the 8-lactone takes, giving both a glutaric and a 
succinic acid derivative, suggests that if an analogous breakdown of 
the y-lactone occurred, this might lead to the formation, not only of 
d-dimethoxysuccinic acid, but also of methoxymalonic acid. The 
isolation of the latter, which we failed to recognise, would be ren- 
dered difficult by reason of its instability. Indications were given 
of the presence of a dimethyl saccharolactone, which had pre- 
sumably been formed by the oxidation of the terminal -CH,OMe group 
at position 6 toa carboxyl group. A similar oxidation of this terminal 
group is recorded in the case of 2 : 3 : 6-trimethyl glucose (Irvine and 
Hirst, J., 1922, 121, 1213) and also with 2 : 3 : 5-trimethyl arabinose 
(Baker and Haworth, J., 1925, 127, 365). 

Incidentally, it may be remarked that the butylene-oxide ring 
structure of the y-glucose residue in glucose-diacetone receives 
confirmation. Support is thus given to the inferences drawn by 
Karrer and Hurwitz (Helv. Chim. Acta, 1921, 4, 728), although their 
conclusions and experimental methods were severely attacked by 
Irvine and Patterson (J., 1922, 121, 2155), whose criticisms are seen 
to have been based on a misapprehension as to the structure of the 
monomethy] derivative of glucose-diacetone. 


ExPERIMENTAL. 


Preparation of Tetramethyl 8-Gluconolactone (II).—Specially 
purified tetramethyl glucose (I) (m. p. 86°) was converted into 
tetramethyl gluconic acid by digestion with bromine water at 60° 
until the solution no longer gave a positive Fehling’s test. The 
lactone was then isolated by the usual method as a colourless liquid, 
b. p. 106—107°/0-04 mm.; nj 1-4566; [«]§°+ 99° in water 
(c =.2-27; initial value), decreasing rapidly to the constant value 
[«]?" + 30-8° after 8 hours. Attempts to induce the lactone to 
crystallise were unsuccessful, and further purification was effected 
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by regenerating the compound from the crystalline phenylhydrazide 
of the corresponding tetramethyl gluconic acid. The phenyl. 
hydrazide was prepared by the method described by Charlton, 
Haworth, and Peat (loc. cit.); recrystallised from benzene, it had 
m. p. 115°, [a]p + 42-1° in ethyl alcohol (c = 1-0). Treatment with 
5% aqueous hydrochloric acid for 3 hours on the water-bath served 
to regenerate the acid, and the lactone was isolated by evaporating 
the solution to dryness under diminished pressure and extracting 
the residue with dry chloroform admixed with a little ether. The 
phenylhydrazine hydrochloride was filtered off, the solvent evapor- 
ated under diminished pressure, and the residual syrup purified by 
repeated distillation in a high vacuum. The final distillate had 
b. p. 101°/0:06 mm.; njf 14565; [«]§ + 101° in water (c = 
2-06; initial value), decreasing in the course of 8 hours to a constant 
value [«]j 29-6°. The regenerated lactone was therefore almost 
identical in physical properties with the original specimen, and 
further repeated attempts to induce crystallisation were unsuccessful. 

Oxidation of Tetramethyl 8-Gluconolactone—A specimen of the 
lactone (4-0 g.), which had been purified as above, was dissolved in 
nitric acid (32 c.c.; d 1-42). A vigorous reaction took place at 70°. 
This was moderated by cooling the reaction vessel, and after 1 hour the 
temperature was raised to 90° and the reaction allowed to proceed 
to completion (6 hours). The solution was diluted with water and 
the reaction product isolated as the methyl ester as described below 
for the tetramethyl y-gluconolactone. The esterified product was 
distilled, giving a colourless liquid (A) (yield, 2-7 g.), b. p. 98— 
100°/0:05 mm.; nj} 1-4400; [a] + 21-7° in water (c = 2-2). 
This material appeared to be a mixture containing approximately 
30% of methyl d-dimethoxysuccinate and 70% of methyl i-xylotri- 
methoxyglutarate (Found: C, 46-8; H, 7:2; OMe, 61-3. Calc.: 
C, 47-6; H, 7-1; OMe, 61-5%). The presence of both these sub- 
stances was proved by the isolation of the corresponding crystalline 
amides and methylamides. 

Amides.—The distillate (A) (1-0 g.) was dissolved in 6 c.c. of methyl 
alcohol saturated with ammonia and kept for 70 hours, during which 
0-19 g. of d-dimethoxysuccinamide separated as clusters of long 
needles. These darkened when heated above 200°, melted at 270° 
to a dark liquid, and decomposed rapidly at 283°; [a]p + 94° in 
water (c = 0°51). Direct comparison with an authentic specimen 
established the identity of this material. The disturbance of 
the solution consequent upon the removal of the dimethoxy- 
succinamide induced rapid crystallisation of a second substance of 
markedly different habit and appearance ; this was filtered off after 4 
days, and washed with methyl alcohol and ether; yield, 0-25 g.; 
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m.p. 197°. It was optically inactive. Comparison with an authen- 
tic specimen prepared from xylose proved its identity with 1-xylotri- 
methoxyglutaramide. 

Methylamides.—The distillate (A) (1-4 g.) was dissolved in methyl 
alcohol (8 c.c.) saturated with methylamine; after 3 days, the 
solvent and the excess of methylamine were removed by evaporation 
in a vacuum desiccator. The residual solid mass was dissolved in 
30 c.c. of boiling ethyl acetate, the solution cooled, and the resulting 
crystals were washed with a little ethyl acetate and then with ether ; 
m. p. 158—163° (yield, 0-34 g.). Recrystallisation from ethyl 
acetate now gave the methylamide of i-xylotrimethoxyglutaric acid 
in long needles which, alone or when mixed with an authentic 
specimen prepared from xylose, melted at 165—167°. The substance 
was optically inactive (Found: C, 48-3; H, 8:3; N, 11-5; OMe, 
34:3. Calc. for C,9H..0;N,: C, 48-4; H, 8-1; N, 11:3; OMe, 
37:-5%). The mother-liquor from the first crop of crystals, on 
evaporation to dryness under diminished pressure, gave a residue 
which was recrystallised three times from ether-ethyl acetate 
(equal vols.); yield, 0-05 g.; long needles, m. p. 206°, alone or when 
mixed with a specimen of the methylamide of d-dimethoxysuccinic 
acid prepared from d-tartaric acid. 

Oxidation of Tetramethyl y-Gluconolactone (V1).—The lactone used 
was a crystalline specimen, m. p. 26—27°, conforming exactly with 
the polarimetric standards for the material prepared by Drew, 
Goodyear, and Haworth from tetramethyl y-glucose (this vol., 
p. 1242). This lactone (3-4 g.) was dissolved in nitric acid (26 c.c. ; 
d 1-42) and heated on the water-bath at 80° for 4 hour, but showed 
no appreciable change; the temperature was accordingly raised to 
90°, but the reaction was sluggish and had not reached completion 
after 5 hours at this temperature; nevertheless it was decided to 
examine the products at this stage. The solution was diluted with 
water and the nitric acid removed by distillation under diminished 
pressure with frequent additions of water. The residue was 
esterified with methyl] alcohol (50 c.c.) containing hydrogen chloride 
(2-4 g.), the mineral acid neutralised with silver carbonate, and the 
filtered solution evaporated to a syrup which contained a small 
quantity of mineral matter. The latter was removed by dissolving 
the syrup in benzene, and the subsequent evaporation of the solvent 
served to remove all traces of water. Distillation of the esterified 
product was difficult owing to the presence in small amount of a 
substance which underwent transformation when heated at 120° 
in a vacuum. This gave a minute quantity of a volatile liquid, 
probably methyl alcohol, of which the sudden evolution in the form 
of vapour caused violent bumping. The reaction product was there- 
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fore heated at 135—140°/11 mm. until this transformation was 
complete. Distillation now proceeded smoothiy and gave (a) 0°3 g. 
of a colourless liquid which solidified in the receiver and was mainly 
methyl oxalate—some of this material had been collected during the 
preliminary heating; (6) 0-7 g., b. p. 185—140°/12 mm., nj}° 1-4365; 
(c) 0-85 g., b. p. 140—160°/12 mm., nj’ 1-4442, [a]p + 57° in water 
(c = 1-1; initial value), decreasing to + 50° after several days; 
(d) residue, 0-2 g. Fractions (b) and (c) were colourless liquids which 
developed an acid reaction in aqueous solution; neutralisation of 
these solutions indicated the presence of a lactone. This observation, 
together with previous experience gained in distilling the esters of 
y-hydroxy-acids, suggested that the transformations which preceded 
distillation were due to the elimination of methyl alcohol from the 
ester of a y-hydroxy-acid, with the formation of a lactone. The 
presence of a lactone was further demonstrated by the change in 
rotation of the aqueous solution when kept for several days. 

Amides and Methylamides.—Both fractions (b) and (c) yielded 

crystalline d-dimethoxysuccinamide when dissolved in methyl- 
alcoholic ammonia. In one experiment, 0-120 g. of (6) gave after 
4 days 0-064 g. of long needles, which were filtered off and washed 
with methyl alcohol and ether; these darkened at 245°, began to 
melt with decomposition at 270°, and decomposed entirely at 283°. 
Control experiments made in the same apparatus and under identical 
conditions, in which specimens of the d-dimethoxysuccinamide 
prepared from d-tartaric acid were employed, gave identical results ; 
[a]p” + 95° (c = 1-1) (Found: C, 40°8; H, 7-1; N, 15-7; OMe, 
34-7. Cale. for C,H,.0,N,: C, 40-9; H, 68; N, 15-9; OMe, 
35-2%). Further proof of identity was furnished by preparing the 
corresponding methylamide. From 0-15 g. of fraction (6) in 1-1 c.c. 
of methyl alcohol saturated with methylamine, a mixture of syrup 
and crystals was obtained by removal of the solvent under diminished 
pressure. The crude crystalline material weighed 0-06 g., and on 
recrystallisation from ethyl acetate gave needles which, alone or 
mixed with an authentic specimen of the methylamide of d-di- 
methoxysuccinic acid prepared from d-tartaric acid, melted at 204° 
(Found : C, 46-7; H, 7-9; N, 13-8. Cale. for C,H,,0,N, : C, 47-05; 
H, 7-8; N, 13-7%). 

Fraction (c) (0-500 g.) gave analytically pure d-dimethoxysuccin- 
amide (0-068 g.), m. p. 270° (decomp. 282°) (Found : C, 40-9; H, 7-1; 
N, 155%). An exhaustive examination was made of the syrup 
remaining after evaporation of the mother-liquors from the amide 
formations. A further very minute quantity of d-dimethoxy- 
succinamide was obtained, but no other crystalline material. In 
particular, no trimethoxyglutaramide could be isolated. For this 
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examination the whole of the remaining portions of (b) and (c) were 
treated with methyl alcohol and ammonia. Titration of fraction 
(c): 01040 G. required 3-9 c.c. of N/10-sodium hydroxide for 
neutralisation of the lactone portion, and 8-3 c.c. (total) of N/10- 
sodium hydroxide for hydrolysis and neutralisation. These figures, 
in conjunction with the yield of crystalline amide (which gives an 
approximate estimate of the amount of dimethoxysuccinic ester 
present), indicated that the major portion of (c) consisted of a dibasic 
lactone-ester, possibly the methyl ester of dimethyl saccharolactone. 
The amount of unchanged tetramethyl y-gluconolactone was appar- 
ently very small, and this was confirmed by the failure to isolate 
the characteristic and easily recognisable crystalline phenylhydrazide 
of the corresponding tetramethyl gluconic acid. 


[With ABRAHAM LEARNER. ] 


Methylation of Triphenylmethyl Glucose (VII).—Crystalline tri- 
phenylmethy] glucose (3-0 g.) (as prepared by Helferich, Klein, and 
Schafer, loc. cit.) was dissolved in methyl iodide and treated in the 
usual manner with silver oxide. The uperation was repeated three 
times, and the crude product so obtained gave OMe, 21-7 (Calc. for 
Cy9H3,0,: OMe, 25-9%), the low value being attributable to the 
presence of a small quantity of triphenylcarbinol. The methylated 
product was hydrolysed by 100 c.c. of methyl alcohol containing 
05% of hydrogen chloride. After being kept for 5 minutes at 65° 
and for 2} hours at room temperature, the solution was neutralised 
with silver carbonate. The residual syrup obtained after evapor- 
ation of the solvent was extracted with warm water. The aqueous 
extract, evaporated at 50° under diminished pressure, yielded a 
syrup which crystallised partially when nucleated with a specimen 
of 2:3:4-trimethyl @-methylglucoside. Purification of this 
material by distillation from a bath at 135°/0-1 mm. yielded a colour- 
less liquid which crystallised on cooling. The crystals were drained 
on porous earthenware, and recrystallised from light petroleum, 
giving matted needles; these, alone or when mixed with a specimen 
of 2:3: 4-trimethyl 8-methylglucoside (IX) prepared from genti- 
Obiose, melted at 92—93° (Found: C, 50-7; H, 8-6. Calc. for 
Ci9H 50, : C, 50-8; H, 8-5%). 
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CCCXXVII.—Acid and Salt Effects in Catalysed 
Reactions. Part XI. The Hydrolysis of Ethyl 
Acetate and the Catalytic Catenary. 


By Harry Meprortax Dawson and Wi11AmM Lowson. 


TuE detailed study of the velocity of the acetone-iodine reaction 
in the presence of weak acids and the corresponding salts (see 
previous papers) has shown that catalytic effects of considerable 
magnitude are to be attributed to the undissociated acid and also to 
the acid anion. For various other reactions, evidence in favour of 
the catalytic activity of the undissociated acid has already been 
furnished by observations on the changes in reaction velocity 
which occur when the concentration of the acid is altered or when 
the corresponding salt is added, and an attempt has been made to 
explain the facts in terms of the so-called dual theory. According 
to later developments, the dual theory would seem to represent 
a very incomplete statement of the actual relations, and in the 
expectation that other reactions would show catalytic effects parallel 
with those observed in the action of iodine on acetone, measure- 
ments have been made of the rate of hydrolysis of ethyl acetate in 
presence of mixtures of acetic acid and sodium acetate. The 
mixtures used are represented by the general formula cHA + «MA, 
in which c is constant and ~z is variable. 

Preliminary observations with 0-1N-acid solutions showed that, 
with a continually increasing salt content, the velocity falls at 
first to a minimum, and increases later in such a way that it can 
be represented as a linear function of x. Since for such a series of 
acid-salt mixtures the concentration of the hydroxyl ion is propor- 
tional to x, it was thought possible that the effects could be accounted 
for by the joint action of the hydrogen and hydroxy] ions. The 
reaction velocities calculated on this hypothesis are, however, much 
smaller than those observed, as may be illustrated by reference to 
the data for the most concentrated salt solution (x = 2-5), for which 
the observed velocity is about 8 times as great as the calculated 
value. Furthermore, when the observed velocity was plotted 
against the p, value of the solutions, it was found that the minimum 
velocity corresponds approximately with py = 5-1. This represents 
a hydrogen-ion concentration which is much larger than would be 
expected on the assumption that the hydrogen and hydroxyl ions 
are the only active catalytic agents. The isocatalytic point on 


the H-OH catenary is actually given by (Hy, = VkouK,/k, and by 
substituting kon/k, = 1000 and K, = 10, this equation yields 
a hydrogen-ion concentration which corresponds with py = 5:5. 
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It thus appears that the observed minimum-velocity (M.V.) 
point differs in respect of both velocity and hydrogen-ion concen- 


tration from the isocatalytic point characteristic of the H-OH 
catenary, and this divergence led us to infer that the observed 
catalytic effects are connected with the catalytic activity of the 
undissociated acetic acid molecule and of the acetate anion. At 
the same time, the difference of 0-4 between the py values of the 


observed M.V. point and of the isocatalytic point on the H-OH 
catenary is small enough to suggest that the anionic catalytic 
effect will not, be confined to the acetate ion, but will be shared by 
the acetate and hydroxyl ions. The relations involved in such 
circumstances have been already considered in connexion with the 
catalytic effects exhibited by acetate buffers (compare this vol., 
p. 1146). 

In accordance with the above views, it follows that the initial 
value of the specific reaction velocity (velocity referred to unit 
concentration of ester) in the presence of catalysts of the series 
0-1CH,‘CO,H + xCH,°CO,Na should be represented by the formula 


Vv = Un + Va + Von + Um 
+ — — 
= Inf] + kefA] + KonfOH] + kefHA] . . (1) 


This equation may be reduced to the form v = fC], but for the 
present purpose it will be applied directly to the experimental 
observations. 

Attention may, in the first instance, be directed to the results 
for those solutions which contain relatively large proportions of 
salt. In such solutions, the catalytic effect of the hydrogen ion 
can be almost neglected, whilst the concentration, and therefore 
the catalytic effect, of the undissociated acetic acid is constant. 


. The observed changes in reaction velocity are therefore attributable 


to variations in the magnitude of the catalytic effects which are 
represented by the second and third terms in equation (1). If the 
straight line which expresses the connexion between v and 2 is 
extrapolated to x = 0, it is obvious that the intercept on the ordinate 
affords a measure of v»,=k,{[HA]=0-lk,. The value thus 
obtained for k,, is 14-5 x 10°’. 

Having thus determined /,,,, the value of k, may be derived from 
the observed velocity for any acid-salt mixture which falls on the 
linear portion of the v-« curve, in that k, is the only remaining 
unknown quantity in equation (1). Rewriting this, we have 


vq == ke = v — ky H] — kon[OH] — ke, 
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and from the data for the mixture 0-1CH,°CO,H + 2-0CH,°CO,Na, 
the value obtained for k, is 2-0 x 10-7. 

The four coefficients being known, it is now possible to apply 
equation (1) to the interpretation of the experimental results. 


EXPERIMENTAL. 


The observations, which were made at 25° with an ester con- 
centration of 0-4 mol. per litre,* are concerned solely with the initial 
velocity of hydrolysis. The molar concentration of acetic acid (y) 
produced during a measured time interval (¢) was determined by 
titration of 25 c.c. samples of the solution with 0-1N-sodium 
hydroxide. The value of y is based on an increase of 1—2 c.c. in 
the volume of standard alkali required to neutralise the test sample, 
and it is estimated that the error involved is not greater than 
+ 0-03 c.c. The ester hydrolysed during the period of observ- 
ation thus corresponds with 1—2% of the total ester present, and 
in the region of the minimal velocities the time required for this 
is about 2 months. The specific velocity is given by v = y/at, 
where a is the initial ester concentration, and this velocity, it may 
be noted, is identical with the initial value of k in the equation 
k = 1/t.log.a/(a — y) for a unimolecular reaction, in that this 
equation reduces to the form k = y/at when y is small compared 
with a. 

The results of the experiments are summarised in Table I. Col. 1 
shows the molar concentration (x) of acetate, col. 2 the hydrogen- 


ion concentration calculated from (H] = K(e — (H]}) I(x + (Hy, 


and from this the values of [A], [OH], and [HA] are derived. Cols. 
3—6 give the values of v}, va, Von, and Um, respectively. col. 7 the 
total calculated velocity v = v;, + v2 + Vox + Um, and col. 8 the 
corresponding observed specific velocity. The values employed 
for the various velocity coefficients are: k, = 6-1 + 10°%,t 
ka = 2:0 X 10°7, kog = 6°5, and kn = 14:5 x 10-7; for the ionis- 
ation constant of acetic acid K = 1-85 x 10-5, and for the ionic 
product of water K, = 10%. 

With reference to Table I it may be noted that the catalytic 
effects produced by the acetate and hydroxyl ions are in a constant 
ratio, the value of which is given by tq/voqg = kaKe/koyKy = 57. 
The general agreement between the numbers in the last two columns 
affords substantial evidence that the observed catalytic effects are 

* On account of “ salting-out,’’ this was reduced to 0-2 mol./litre in the 
case of the three most concentrated salt solutions. 

+ This value is based on the results obtained in the detailed investigation 


of the hydrolysis of ethyl acetate under the catalytic influence of acetic acid 
(compare Dawson and Lowson, this vol., p. 2107). 


— Oo 
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TaB.eE I. 
Hydrolysis of ethyl acetate at 25°. Catalyst: 0-1CH,°CO,H + 
xCH,°CO,Na. 
v.10’ 

+ —E 
x. [H]. 105. v.10’. vg. 107. vow. 107. vm. 107. Cale. Obs. 
0 135 82-3 —_ — 1-43 83-7 81-6 
0-005 34:5 21-0 0-01 -- 1-45 22-5 23-0 
0-015 122 745 0-03 a 1-45 8-9 9-1 
0-03 6-15 3°75 0-06 0-01 1-45 5-3 5-2 
0-05 3:7 2°25 0-10 0-02 1-45 3-8 4-9 
0-07 265 162 O14 003 1:45 3-25 3.3 
0-10 1-85 1-13 0-20 0-04 1-45 2-8 2-5 
0-20 0-92 056 040 0-07 1-45 2-5 2-5 
0°35 0-53 0-32 0-70 0-12 1-45 2-6 2-45 
050 0-37 022 100 O17 145 2-85 3-0 
1-0 0-185 O11 2-00 0°35 1-45 3-9 3-7 
15 0-123 0-07 300 052 145 5-05 5:5 
2-0 0-092 0-05 4:00 0:70 1-45 6-2 6-2 
2-5 0-074 0-04 5-00 0-88 1-45 74 7-6 


due to the combined action of the hydrogen, acetate, and hydroxyl 
ions and of the undissociated acetic acid molecule. 

In accordance with relations derived previously (Dawson and 
Dean, J., 1926, 2872; Dawson, this vol., p. 1146), the plot of the 
reaction velocity against py yields a symmetrical curve of catenary 
type. This curve is characterised by a minimum (isocatalytic) 
point, the hydrogen-ion concentration of which is given by 


7 $ 7 
[HH]; —_ V (kaKe = konK w) Kp 
and the corresponding minimum reaction velocity by 
y= 2V ki(kaKe + kouKy) + kine, 


if k, be neglected in comparison with k;. 
By substitution of the values for the various constants, these 


equations give (H)}, = 8-4 x 10°, or (pg); = 5-07, and v; = 2-48 x 
10-7. 

The diagram shows a catenary curve which has been drawn to 
show the connexion between the observed reaction velocities and 
the py values of the solutions. These p, values are those derived 
on the assumption that the mass law is applicable to the ionisation 
of acetic acid and that the acetate is completely ionised. The 
co-ordinates of the apex of this catenary are obviously in close 
agreement with the above values of v; and (p,)j. 

The dotted horizontal line represents the velocity v, due to the 
undissociated acetic acid. This may be regarded as the base line 
for the u—p, curve, where wu is the ionic reaction velocity. 

According to the procedure adopted on p. 2445 for the evaluation 
of the coefficients k, and k,, the former was derived by extrapolation 
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of the linear portion of the v—« curve, whilst the latter was obtained 
from the slope of this line. Since the slope is determined by the 
joint action of the acetate and hydroxyl ions, a knowledge of kon is 
implied, and when the value of this coefficient is not known, other 
methods must be used for the derivation of k,. These need not be 
described in the present paper, but reference may appropriately 
be made to an alternative method for the determination of &... 


Fie. 1. 


Reaction velocity x 107. 


ee aeons 


PH: 
Catalytic activity of 0°'1N-CH,‘CO,H + 2N-CH,;'CO,Na in the hydrolysis of 
ethyl acetate. Reaction velocity (v x 10*) plotted against pq. 


If the hydrogen-ion concentrations of solutions of the constant- 
acid series are expressed in terms of the hydrogen-ion concentration 


+ + 
of the isocatalytic mixture, such that n = [H]/[H],, the equation 
for the reaction velocity may be written 


v = ky[H](n + 1/n) + ke 


and for larger values of n this becomes 


v = nknfH] + hme. se ee (2) 


Mu 


(A 
(B 
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The corresponding equation for the minimum velocity is 


— 2 ee 
Multiplying (2) by 2 and (3) by n, we obtain by subtraction 
km = (ny,— 2v)/(n—2)e . . «. « (4) 


The use of equation (4) for the determination of k, presumes a 
knowledge of the isocatalytic data, but does not entail measure- 
ments of reaction velocity for solutions which contain a much 
larger proportion of salt than that which is present in the isocatalytic 
mixture. In this respect, the method is very different from the 
extrapolation method, and since for various reasons the experimental 
realisation of the linear portion of the v-# curve is not always 
possible, the method represented by equation (4) may frequently 
be found to be useful for the determination of /,,.. 

Its application in the present case is illustrated by Table II, in 
which the relevant numbers for the solutions containing relatively 
small quantities of salt are recorded. 


TaBLeE II. 
+ 
c=01. [H], = 84 x 10°, », = 2:5 x 107. 
, é 
2. (H]}. 10°. n. ». 107. km - 107. 
0 135 159 81-6 15-0 
0-005 34:5 40-5 23:1 14°3 
0-015 12-2 14-4 9-1 14-4 
0-03 6-15 7:3 5-2 14-8 


. 


In spite of the wide variation in the value of the “reduced ” 
hydrogen-ion concentration (n), the numbers under k,, are remark- 
ably concordant, and this may be regarded as further evidence 
in support of the validity of the general theoretical considerations 
on which the method of interpreting the results is based. According 
to this, the catalytic effects associated with acetic acid and its 
salts in the hydrolysis of ethyl acetate are very similar to those 
previously met with in the case of the acetone-iodine reaction. 
The main difference is attributable to the fact that the ratios 
km/k, and kq/k, are much larger for the latter reaction than for the 
ester hydrolysis. This is also true for the ratio kox/k;. The actual 
values of the ratios are shown in Table III. 


TaB_eE III. 
Reaction. 10°Xkm/k,. 105 X ke/ky. 10°? Xx kon/kn. 10-* X kon/kg. 
(A) Acetone-iodine ... 320 970 43 4-4 


(B) Hydrolysis of 
ethyl acetate ... 24 3-3 1-05 32 
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According to the above figures k,/k,; is about 300 times as great 
for reaction A as for reaction B. This is mainly responsible for 
the fact that the amount of acetate which must be added to 0-1N. 
acetic acid to reduce the reaction velocity to a minimum is nearly 
20 times as great in B as it is in A. On the other hand, kox/k, is 
about 7 times as great in B as it isin A. This explains why the 
anionic catalytic effect in B is shared by the acetate and hydroxyl 
ions, although the corresponding effect in A is almost entirely 
due to the acetate ion. That the nature of the catalysed reaction 
affects the relative activities of the undissociated acid and the 
corresponding anion is evident from the value of the ratio k,,/k,; 
this is 0-33 in reaction A and 7-2 in reaction B. 

Catalytic Effects for Different Reactions and the General Catenary.— 
Since the catalytic effects associated with the two reactions which 
have been compared are in agreement with the requirements of the 
general catalytic catenary (compare this vol., p. 213), according to 
which the reduced ionic velocity r = u/u; is connected with the 


reduced hydrogen-ion concentration, n = (H] /(A., and the reduced 
Pu Value, Apy = log,,)”, by the equations 


r= H(n + 1/n) = 4(1047a + 10-4>u) 


these reduced quantities should afford a basis for the comparison 
of the ionic catalytic effects which are peculiar to a given acid in a 
series of different reactions. It has, in fact, been shown (this vol., 
p. 756) that the reduced hydrogen-ion concentration (n)) of a 
solution of the pure acid and the corresponding reduced ionic 
velocity (r)) are determined solely by the relative magnitudes of 
the catalytic coefficients and are independent of the concentration 
and therefore of the degree of ionisation of the acid. The value 
of ny (or 7)) determines the position which must be assigned to a 
given pure acid on the general catalytic catenary, and this position 
obviously varies with the nature of the catalysed reaction. For 
acetic acid, the value of m, is 10 when the acid catalyses the acetone- 
iodine reaction, and about 175 when it catalyses the hydrolysis 
of ethyl acetate. Such wide variations in n) do not, of course, 
affect the validity of the relations which find expression in the 
equation of the general catalytic catenary, but they serve to show 
that the catalytic activity of a given pure acid expressed in terms 
of that of the corresponding M.V. mixture varies very considerably 
with the nature of the catalysed reaction. 


Summary. 


Measurements have been made of the catalysing power of acetic 
acid-sodium acetate mixtures in the hydrolysis of ethyl acetate. 


HE 
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For a fixed concentration of acid, the addition of salt first reduces 
the velocity, which passes through a minimum, and then increases 
it according to a linear formula. 

The observed reaction velocities can be explained in terms of the 
joint catalytic effects produced individually by the hydrogen, 
acetate, and hydroxyl ions and by the undissociated acetic acid. 

The connexion between the reaction velocity and the pg value 
of the solution is represented very closely by a catenary curve. 

The ratios k,/k, and km/k, are much smaller for the hydrolysis of 
ethyl acetate than for the acetone-iodine reaction, and the catalytic 
catenary is of the compound type. 

THE UNIVERSITY, LEEDs. [Received, July 16th, 1927.] 


CCCXXVIII.—The Heat of Adsorption of Oxygen on 
Charcoal. Part II. | 


By Witi14m E. GaRNER and Dovucias McKie. 


DEBYE and SCHERRER (Physikal. Z., 1917, 18, 291) concluded from 
an X-ray examination by the powder method that amorphous 
carbon was merely graphite in a powder form. This conclusion 
was criticised by Ruff, Schmidt, and Olbrich (Z. anorg. Chem., 
1925, 148, 313), who are of the opinion that amorphous carbon is a 
true modification which begins to pass into a para-crystalline 
variety at 1100°, and that the different forms of amorphous carbon 
are to be attributed to the admixture of varying proportions of 
graphite and a para-crystalline form. From their investigation, it 
would appear that the adsorptive powers of charcoal are due to 
the amorphous form alone. 

The energy content of amorphous carbon is 3 Cals./mol. higher 
than that of graphite. This difference in energy must be associated 
with structural differences probably extending throughout the 
body of the carbon. The most probable structure of amorphous 
carbon, in view of its mode of formation from cellulose or sugars, 
is that of an interlocking network of carbon chains, which are the 
degradation products of the original cellulose molecules. With 
such a‘structure, adjacent carbon chains will touch at points irregu- 
larly along their length. Where contact occurs between carbon 
atoms of adjacent chains, presumably something analogous to 
chemical combination has occurred, but there must exist atoms in 
the body of the carbon the valency forces of which are not fully 
saturated by neighbouring atoms. The excess of potential energy 
of amorphous carbon would be expected to lie in such atoms and in 
those exposed in the capillary surfaces of the charcoal. 
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Each of the surface atoms forms part of a chain extending into 
and rigidly fixed in the body of the carbon. The surface atoms 
may possess the haphazard distribution of their fellows in the body 
of the charcoal. Those projecting some distance from the surface 
are conceivably unsaturated chemically. Birge (Physical Rev., 1926, 
28, 259), from a consideration of results on the heat of vaporisation 
of carbon and an examination of the molecular spectra of oxygen 
and the oxides of carbon, concluded that 1 g.-mol. of gaseous carbon 
contains 141 Cals. more potential energy than carbon in bulk. 
This value sets the limit for the potential energy of the most active 
carbon atoms on the surface of charcoal. The potential energy of 
these atoms will very probably range between 141 Cals. and zero, 
the former value corresponding with carbon atoms practically in 
the gaseous state and the latter with atoms almost completely 
surrounded by neighbouring atoms. The nature of the law of the 
distribution of energy among the surface atoms is unknown. 

The potential energy of the carbon surface should be liberated 
during chemical changes occurring thereon, e.g., during the adsorp- 
tion of oxygen. Under the most favourable conditions, the heat 
of adsorption of this gas should approach a value of the order of 
300,000 cals. per g.-mol. of oxygen adsorbed. 

There is some justification for assuming that combination between 
oxygen molecules and carbon atoms on the surface can take place 
according to definite stoicheiometrical relationships. This would 
be the case if electron sharing occurs between the surface and 
adsorbed atoms. Also, there is the possibility of physical adsorp- 
tion, the oxygen being held by subsidiary valency forces on the 
surface. The following simple structural forms may be present 


on a carbon surface which has adsorbed oxygen (CCC. . . represents 
the surface) : 
O — 
: 4 0 9 
c c' CO C CC C C C C 
(I.) (II.) (III.) 


(I) represents the process of physical adsorption of oxygen in 
which there is no electron transference or sharing between the 
atoms. The adsorption is, in this case, a reversible process, and 
the adsorbed oxygen molecules can be recovered unchanged. (II) 
and (III) are examples of modes of chemical combination. Desorp- 
tion of oxygen should occur as carbon dioxide in (II) and as carbon 
monoxide in (III). Other types of complex may exist, but our 
object is to present as simple a picture as possible. 

Our knowledge of these adsorption complexes is based on (q) 


OV 
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the nature of the products obtained on desorption, and (b) measure- 
ments of heats of adsorption. The products would appear to 
depend, not only on the temperature of desorption, but also on 
factors concerning the adsorption process. The amount of oxygen 
adsorbed by a given mass of charcoal and the temperature at which 
adsorption occurs are the main factors involved. At low temper- 
atures and high initial gas pressures, the adsorbed gas can be 
recovered as oxygen on decreasing the pressure or on raising the 
temperature (Dewar, Proc. Roy. Soc., 1904, A, 74, 122). This form 
of adsorbed oxygen is represented by (I). The heat of adsorption 
is very low, about 3 Cals. per mol. of gas adsorbed. If the gas is 
admitted at low pressures, e.g., 0-01 mm., and at the ordinary or 
slightly higher temperature, the adsorbed oxygen can be recovered 
as oxides of carbon (II and III) on raising the temperature. The 
heat of adsorption under these conditions is much higher. At room 
temperature, the maximum heat of adsorption is 70 Cals./g.-mol. 
(Keyes and Marshall, J. Amer. Chem. Soc., 1927, 49, 156) and rises 
rapidly with increase in temperature (Blench and Garner, J., 1924, 
425, 1288). At high pressures and at room temperature, the heat 
of adsorption is only 4 Cals./mol., and the adsorption complexes 
may be of all three types, (I), (II), and (III). Rhead and Wheeler 
(J., 1913, 103, 471) have shown that the complexes formed at 300° 
break down into carbon dioxide and monoxide at higher temper- 
atures. Type (II), giving dioxide, would appear to be less stable 
than (III). The maximum evolution of carbon dioxide occurs at 
approximately 300—400°, and of carbon monoxide at 600—700° 
(Rhead and Wheeler, loc. cit.). Since both carbon dioxide and 
monoxide are liberated over a wide range of temperatures,* the 
forces holding the molecules of the gas on the surface cannot be 
uniform from molecule to molecule. This is what would be antici- 
pated were the surface adsorbing oxygen truly amorphous. 

An investigation continuing the work of Blench and one of us 
and using a more refined technique has thrown additional light 
on the nature of the adsorption complexes. The detailed experi- 
mental method will be described in a later paper. It will be sufficient 
to state here that the adsorption was carried out in a vacuum 
calorimeter of known water equivalent and the rise in temperature 
measured by means of a thermocouple. The heat of adsorption 
varies with the initial gas pressure, 7.e., with the amount of oxygen 
adsorbed, in a curious manner. This will be seen by combining the 
results of McKie and those of Keyes and Marshall (Table I). 
Although the latter authors measured the heats of adsorption by a 


* Only a fraction of the complexes breaks down when the carbon is heated 
over a range of 50°. 
40 
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different experimental method (by the ice calorimeter),"their results 
agree very well with those of McKie. Charcoals with practically 
the same activity must have been used in both series of experiments, 


TaBLeE I, 
Heat of adsorption (Cals./mol.). 
Q per mol. of O, at 18° Q per mol. of O, at 0° 
C x 104. (McKie). C x 10. (Keyes and Marshall), 
0-001 to 0-006 5 0-1 67-9 
0-04 60 0-2 61-9 
0-08 62 0-3 43-5 
0-10 70 0-4 27°9 
0-12 71 0-5 20-1 
0-15 71 1:0 5:8 
2-0 5-1 
4:0 4-4 
Fie. 1. 
80 
| 
7 
ore 
| | 
60 }* : 
50 \ 
S 40 \ 
30 \ 
20 
10 i 
| —~ $ 
of 
0 0°5 10 1-5 2:0 
C x 104, 


C represents the number of g.-mols. of oxygen adsorbed per g. of 
charcoal, and Q is the molar heat of adsorption.* Different char- 
coals show the same maximum value of Q, although this does not 
necessarily occur at the same value of C. The results are plotted 
in Fig. 1. There is a sharp rise in the heat of adsorption up to a 
maximum value of 70 Cals. and then a slower fall down to 4 Cals. 
as the density of adsorbed oxygen increases. A similar curve has 
been obtained by Kistiakowski (Proc. Nat. Acad. Sci., 1927, 13, 1) 
for the heat of adsorption of hydrogen on nickel. 


* The oxygen admitted is almost completely adsorbed at a surface density 
of C=0toC = 01 x 10“. 


Oo4 
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The internal area of the charcoal used in the above experiments 
has been determined by measuring the adsorption isotherms of 
straight-chain alcohols on the charcoal (area = 66 m.? per g.) 
(Garner, McKie, and Knight, J. Physical Chem., 1927, 31, 641). 
At the maximum of Fig. 1, only 1/140 of the carbon atoms are 
covered with oxygen, so that the range of figures given in 
Table I refers only to the formation of an incomplete unimolecular 
film of oxygen molecules on the surface. 

The heat of adsorption varies with the temperature. Values 
are shown in Table II for C = 0-1 x 10-*. The agreement between 


Taste II. 

Relation between heat of adsorption and temperature. 
Temperature .........0eseeeeerees 18° 57° 100° 150° 200° 300° 450° 
Nal ai 7 0 28.186 1 om 
Q (Blench and Garner) ...... — — _ —_ 115 154 224 

Fie. 2. 
240 A 
200 ZA 

4 
160 LZ 
S 
120 A 
‘4 ; 

80 "a 
40 


60° 120° 180° 240° 300° 360° 420° 
i 
the values of McKie and those of Blench and Garner at 200° is 
probably a coincidence, since the latter were not so accurately 
determined as the former. 

Fig. 2 brings out the nature of the rise in Q. This approaches 
a constant value between 100° and 200° and then rises rapidly. In 
the interpretation of these results, it is necessary to bear in mind 
that the accuracy of the values deereases with increase in temper- 
ature. Up to 100°, only negligible amounts of carbon dioxide are 
produced on admitting oxygen to the charcoal, but at higher 
temperatures this gas is liberated in increasing amounts. At 
450°, more than 30% of the oxygen combining with the surface 
is liberated as dioxide. This makes the deduction of the heat of 
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adsorption uncertain. Nevertheless, we believe the general trend 
of the curve to be correct. 

The temperature coefficient of the heat of adsorption is too great 
to be accounted for by changes in the specific heats of the resultants 
and reactants. It must be due to a change in the type of complex 
with the temperature. The heat of adsorption approaches a 
constant value at 100—200°. This suggests that the type of 
complex which is formed does not undergo much change over this 
range of temperatures. Below 100°, at least two types must be 
present, one of which gives place to the other on increase in temper. 
ature. This change is nearly complete at 100°. It is highly 
probable that at this temperature only one structural form is 
present. This cannot be (I), but is very probably (II). The 
experiments of Rhead and Wheeler on the decomposition of the 
complex indicate that this is the case; carbon dioxide is the main 
product of desorption at 300—400°. If this is so, then the rise in Q 
above 200° must be ascribed to the formation of (III). If Q were 
very large for type (III), then a high temperature would be necessary 
before desorption could be brought about. This is supported by 
the fact that the maximum evolution of carbon monoxide does not 
occur until 600—700° is reached. 

Although the heat of adsorption obtained between 100° and 200° 
is believed to be that of type (II), it is not suggested that this heat 
is other than an average value. Owing to the varying potential 
energy of the carbon atoms on which the complex is formed, a 
range of heats of adsorption for type (II) would be expected. This 
would account for the wide range of temperatures over which the 
complex is broken down to give carbon dioxide. 

Returning to Fig. 1, we are met with greater difficulties in inter- 
pretation. The decrease in Q as the amount of gas adsorbed 
increases is undoubtedly due to the increasing predominance of 
molecularly adsorbed oxygen (I). The low heat, and the fact that 
from such charcoals oxyg2n may be recovered, requires that this 
be the case. The occurrence of a maximum value and the fall at 
very low surface concentrations afford an interesting problem for 
the complete solution of which there are not sufficient data. If it 
be assumed that the fall is due to the occurrence of physical adsorp- 
tion at very low pressures, it must also be assumed that the oxygen 
is very tightly bound to the surface, which occurs very rarely for 
physical adsorption. At C = 0-01 x 10% g. mol./g., only 1 in 
every 1400 of the surface carbon atoms is covered, and these will 
be the most unsaturated of the surface atoms. If a physical 
complex is formed, it may thus be comparatively stable. 

An alternative and preferable explanation would be. that, at 
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very low pressures and surface densities, an active form of type 
(II) is formed which only slowly liberates its internal energy as 
heat or radiation. The liberation of energy may occur so slowly 
that we cannot measure it by our methods. In support of this, 
it may be mentioned that the rate of liberation of heat is slower 
when C = 0-04 x 10“ than when C = 0-1 x 10+. It is probable 
that an activated form of type (II) would give up its energy if 
struck by an oxygen molecule, and this may be the explanation of 
the increased heat of adsorption as the density of the gas above the 
carbon increases. 

Support for this view was found on studying the adsorption of 
mixtures of oxygen and nitrogen. Nitrogen is adsorbed when 
admitted together with oxygen in greater amounts than if admitted 
either to a bare carbon surface or to a surface on which oxygen has 
been adsorbed. The gas is not, however, held so firmly as either 
oxygen or nitrogen which has been adsorbed on a bare surface; 
it evaporates when the pressure is lowered. An unstable carbon, 
oxygen, and nitrogen complex is formed. The complexes formed 
when nitrogen is admitted after oxygen are much more stable 
(compare T'rans. Faraday Soc., 1926, 22, 459). 

These results indicate that the adsorbed oxygen molecules are 
in a chemically active state immediately after formation, and that 
this activity is lost on standing. They support the view expressed 
above that the initial portion of the curve in Fig. 1 is due to the 
formation of a complex of type (il), which has retained a large 
portion of its heat of formation. A similar explanation can also 
be given for Kistiakowski’s curve (Joc. cit.). 


Summary. 

The heat of adsorption of oxygen on charcoal varies with the 
amount of oxygen adsorbed per g. of charcoal. A maximum value 
(70 Cals.) was obtained when the number of g.-mols. of oxygen 
adsorbed per g. of charcoal was 1-5 x 10°. The maximum heat 
of adsorption increases rapidly with increase in temperature, 
approaching 115 Cals. between 100° and 200°. It rises again from 
200° to 450°. 

The results have been discussed with regard to the light they 
throw on the chemical constitution of the C,O, complex. 


One of us (D. McK.) wishes to express his indebtedness to the 
Department of Scientific and Industrial Research for a maintenance 
grant. 


THe Ramsay LABORATORIES OF INORGANIC AND PHysICcCAL CHEMISTRY, 
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CCCXXIX.—The Interaction of Bromine with Acetic 
Anhydride. Part Il. 


By KENNEDY JOSEPH PREvITE£ ORTON, HERBERT BEN WarTsoN, and 
Husert Ivor HuauHes. 


Ir has been stated by Orton and Jones (J., 1912, 101, 1722), and 
subsequently by W. H. Gray (Thesis, Univ. of Wales, 1913) and 
by Orton, Watson, and Bayliss (Part I, J., 1923, 123, 3081), that 
pure acetic anhydride is unattacked by halogens at the ordinary 
temperature when light is completely excluded. The anhydride 
used by these investigators was obtained by fractional distillation 
of Kahlbaum’s acetic anhydride “ free from homologues,” and their 
observation does not appear to find confirmation in the results of 
earlier workers (Gal, Ann. Chim. Phys., 1862, 66, 187; Urech, Ber., 
1880, 13, 1687; Lapworth, J., 1904, 85, 40). The stability to 
bromine of specimens of acetic anhydride of varied origin and 
purified by different methods has now been examined; in every 
case reaction occurs, and it appears probable that the material 
employed by the previous workers contained a trace of some inhibitor 
which was not removed by fractionation. A search for possible 
inhibitors has revealed the fact that introduction of quinoline in 
minute quantity prevents the reaction from proceeding to any 
perceptible extent during a long interval of time (with bromine = 
0-25M and quinoline = 0-006M, no measurable amount of bromine 
reacted in 93 hrs.); moreover, acetic anhydride containing a trace 
of quinoline is still stable to bromine after fractionation. After 
this “latent period,” reaction proceeds at a measurable rate, but 
the disappearance of bromine is much slower than when pure 
anhydride is employed; the retardation at this stage is probably 
to be attributed to the presence of a hydrobromide of quinoline, for 
a similar retardation is produced by introduction of a trace of 
sodium or potassium bromide or of certain other salts. Sodium 
acetate exerts an influence which is similar to but not as powerful 
as that of quinoline (with Br, = 0-26M and NaC,H,0, = 0-005, no 
fall of titre after 17 hrs.), whilst pyridine, dimethylaniline, triethyl- 
amine, diethylamine, isoquinoline, ammonium acetate, methylamine, 
and ethylamine are less effective. Addition of a trace of nitric 
acid or of acetyl nitrate is accompanied by an extremely powerful 
inhibition (compare Gray, loc. cit.); the effect of the former is 
probably due to acetyl nitrate formed by reaction of the nitric 
acid with the anhydride, for the bromination of propionic anhydride 
(which is similar to that of acetic anhydride, but considerably 
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slower) is inhibited by acetic anhydride and nitric acid in con- 
junction, but not by nitric acid alone. 

The speed of interaction of bromine with acetic anhydride is now 
found to be greatly influenced by the concentration of the halogen. 
The course of the reaction indicates autocatalysis, and introduction 
of acetyl bromide (one of the products, Gal, Urech, locc. cit.) causes 
a considerable acceleration. The effect of acetyl bromide is 
identical with that of hydrogen bromide at equimolar concentration, 
indicating that the halogen acid reacts all but completely with the 
anhydride, (CH,*CO),O0 + HBr = CH,°COBr + CH,°CO,H, as has 
been shown by an aspiration method. Introduction of propionyl 
or benzoyl bromide brings about an acceleration identical with that 
produted by acetyl bromide at the same concentration. These 
facts recall the bromination of carboxylic acids (Watson, J., 1925, 
427, 2067), and a similar series of changes of the following type is 
indicated : 


CH,COBr + Br, = CH,BrCOBr+ HBr .... . (I) 
(CH,*CO),O + HBr — CH,-COBr + CH,CO,H . . . . (2a) 
(CH,*CO),O0 + CH,Br-COBr — 

CH,Br-CO-0-CO-CH, + CH,-COBr . . . (2B) 
CH,°CO,H + CH,Br-CO-0-CO-CH, — 

(CH,°CO),0 + CH,Br-CO,H a 


When the bromide of another acid is added initially, these reactions 
will be preceded by 

(CH,°CO),0 + R-COBr — CH,:CO-0-CO-R + CH,°COBr, or 
(CH,*CO),0 + 2R-COBr — (R-CO),0 + 2CH,COBr . . (4) 


That acetic anhydride can react with acid bromides in this manner is 
demonstrated by distilling a quantity of the anhydride with either 
bromoacetyl or benzoyl bromide, whereby a good yield of acetyl 
bromide is obtained; it is not suggested that reaction (3), which is 
analogous to the reactions of acids with anhydrides observed by 
Kaufmann and Luterbacher (Ber., 1909, 42, 3483), proceeds to any 
great extent under the conditions of the authors’ experiments, in 
which the acetic anhydride was always in great excess. In the 
above series of reactions the rate of disappearance of bromine will 
be dx/dt = k(a—x)[AcBr], where a is the initial concentration of 
bromine. If the acetyl bromide be present in excess, the reaction 
will be of the first order ; values of k, = 1/t . log.a/(a — x), however, 
were not constant. If the bromine also reacts with the enolic 
form of the anhydride (this form being produced slowly and reacting 
with halogens rapidly ; compare Part I), the rate of disappearance of 
bromine will be dx/dt = k(a — x)[AcBr] + k’[Ac,O], where @ is 
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the total amount of the halogen which reacts in time ¢. In the case 
when both acid bromide and anhydride are in excess, this reduces 
to dx/dt = C(a — x) + C’ = Cia — x + P), where C’ = CP, which 
on integration becomes C = 1/t. log, (a + P)/(a + P— <x). Con. 
stant values of C were obtained by use of this expression. The 
observed facts are thus interpreted by supposing that the reaction 
proceeds mainly through a series of changes involving the bromin. 
ation of the acid bromide, but also to a small extent through the 
enolised anhydride. Addition of a small quantity of sulphuric 
acid, ferric chloride,* or stannic chloride results in a marked increase 
in the rate of disappearance of bromine (compare Part I); their 
effect probably consists in an acceleration of the enolisation, of the 
anhydride. Acetyl chloride (or added hydrogen chloride), tri- 
chloroacetic acid, and monobromoacetic acid are without appreciable 
effect. When pure anhydride is used, pure dry iodine is now found 
to be a catalyst, but iodine bromide (added as such) and iodine 
chloride are more effective, the former being a particularly good 
catalyst. 

According to the hypothesis of activation by electronic displace- 
ment (Allan, Oxford, Robinson, and Smith, J., 1926, 401; Ingold 
and Ingold, ibid., p. 1310) there will be but little tendency for a 
proton to become loosened from the methyl group of acetic acid, 
for the carboxyl group is “ self-contained ”’ (Ray and Robinson, 
J., 1925, 127, 1618); adjustment of the covalencies of the carbonyl 
carbon atom of acetic anhydride, however, will take place to a 
smaller extent, since the singly-linked oxygen is conjugated on 
both sides (compare Lea and Robinson, J., 1926, 411), whilst with 
acetone and acetyl bromide no such adjustment is possible. In 
the three compounds last mentioned, therefore, loosening of a 
proton will occur, and will be most marked in acetyl bromide 
owing to the “ polar effect’ of the bromine atom (Baker and 
Ingold, J., 1926, 2466). The loosened proton is attracted towards 
the negatively charged carbonyl oxygen, and enolisation takes 
place (in preference to direct substitution by a reagent, as is shown 
by the dynamics of the bromination of acetone; Lapworth, loc. cit.). 
The sequence CH,*COBr>(CH,),CO>(CH,°CO),0 >CH,°CO,H is 
thus obtained for velocity of enolisation. The series of changes up 
to this point may be written 


—}-¢=0 — gst _s ae eee 


* Using pure anhydride, the authors have failed to confirm the violet 
colour ascribed in Part I (p. 3090) to solutions of anhydrous ferric chloride. 
Such solutions are brown in colour. 
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and on activation of the enolide 


—¢———-0H —> 0% On. 

x OX 6 
The activated enolide will react with bromine at the negatively 
charged carbon atom, the products being the monobrominated 
ketonic derivative and hydrogen bromide. In acetyl bromide, 
the activation of the enolide will be opposed by the polar effect of 
the bromine atom, and hence rapid enolisation will be followed by 
a comparatively slow reaction with bromine (compare Watson, 
loc. cit., p. 2075), whilst in acetone and acetic anhydride slow enolis- 
ation is followed by rapid reaction with the halogen. These con- 
siderations lead to the idea suggested originally by Lapworth 
(loc. cit.) that the bromination of carbonyl compounds in general is 
preceded (provided an «-hydrogen atom is present) by conversion 
into the enolic form; it is not necessary, however, to assume the 
formation of an intermediate dibromide which immediately loses 
hydrogen bromide, nor has such a dibromide been isolated. This 
scheme correlates the results of Lapworth and others on the bromin- 
ation of ketones and aldehydes, those of Watson on the bromination 

of carboxylic acids, and also those described in the present paper. 


EXPERIMENTAL. 


The velocity measurements were carried out by withdrawal at 
suitable intervals of 2 (+ 0-01) c.c. of the reaction mixture, addition 
to aqueous potassium iodide, and titration of the iodine liberated 
with N/10-thiosulphate. Unless otherwise stated, titres are 
expressed as c.c. of N/10-thiosulphate, and time in minutes. 
Temperature throughout = 25°. 

Reaction of Bromine with Different Specimens of Acetic Anhydride.— 
The anhydride was fractionated through an eight-pear stillhead, 
and the bromine (B.D.H. “‘ A.R.”’ quality) was purified as described 


by Watson (loc. cit., p. 2076). 
Br, = 0-:25—0-27M, initially; mol. ratio Ac,O/Br, = 40. 
Fall in titre after (mins.) 
EE EEE = _ 

Initial titre. 20. 30. 40. 50. 60. 70. 80. 90. 
Kahlbaum’s acetic anhydride “ free from homologues ” (post-war). 

10-30 1-45 2-80 4-52 5-90 7:10 8-05 8-72 9-20 
Hopkin and Williams’s ‘‘ Reagent ’’ acetic anhydride (post-war). (Mean of 

results for ten specimens.) 


10-38 1:32 265 400 542 665 7:20 838 8-98 

(+0-25) (40-5) 
British Drug Houses “‘ A.R.” acetic anhydride (post-war). 

10-45 1:70 3:45 485 632 760 842 905 948 
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Effect of Purification of Bromine.—Method 1 as above : results are 
the mean of those in previous table. Method 2: bromine distilled 
from potassium bromide and zinc oxide (compare Stas, Mem. Acad. 
Belgique, 1865, 35, 3; West, J., 1924, 125, 1279), then dried over 
quick-lime and distilled in an all-glass apparatus. Method 3: 
bromine distilled from potassium bromide and zinc oxide, then 
washed with distilled water and dried under concentrated sulphuric 
acid, separated, and distilled from a little barium carbonate. 


Fall in titre after (mins.) 
Initial r —~— — 
titre. 20. 30. 40 50. 60. 70. 80. 90. 


Method 1 ... 10:38 1:48 2-98 445 562 7-12 7:88 8-72 9-22 
Method 2 ... 10-40 1:10 2:28 3-65 5-12 635 7:35 8-20 8-82 
Method 3 ... 10:28 0-90 1:80 3°05 4:55 575 6-85 7-75 8-45 
Untreated ... 10°15 1:35 2-70 4:22 5-70 682 7:78 8-45 9-00 


Effect of Purification of Acetic Anhydride by Different Methods.— 
Specimens of the anhydride were distilled from phosphorus pentoxide 
(method 1), potassium permanganate (2), or chromic anhydride (3); 
allowed to stand for 48 hours over pure anhydrous sodium acetate 
and then distilled (4), refluxed for 12 hours over sodium acetate 
and then distilled (5), and treated with 0-1% by volume of bromine, 
allowed to stand until colourless, refluxed for 6 hours over sodium 
acetate, and distilled (6). In each case, the anhydride was fraciiion- 
ated both before and after the treatment described. 


Fall in titre after (mins.) 
Initial Vineet 
titre. 20. 30. 40. 50. 60. 70. 80. 90. 


Method 1 ... 10:52 1:42 3-60 5-25 668 17-78 860 9-20 9-60 
Method 2 ... 10°55 1:05 2:28 3-78 520 655 7-60 840 9-10 
Method 3 ... 10-45 1:38 3-02 465 605 7:25 822 8-92 9-40 
Method 4 ... 10°50 1:70 3:25 4:80 645 7-60 8-52 912 9-55 
Method 5 ... 10-45 1:68 3-05 465 6-08 7:22 812 8-80 9:30 
Method 6 ... 10:25 1:60 3:25 488 6-20 7:95 822 850 9-30 


Effect of varying Bromine Concentration. 


Fall of titre after (mins.) 
Conc. of Initial —— . 
bromine. titre. 20. 30. 40. 50. 60. 70. 89. 90. 


0-474M 18-95 6-75 11-28 14:18 16-12 17-32 18-10 


0-260M 10:38 1:48 2-98 445 562 7:12 7-88 8-72 9-22 
0-148M 6-92 035 0-70 1:10 1:68 2:28 2-82 3-38 3:85 


Effect of Inhibitors —The substances used were the purest speci- 
mens obtainable, further purified in many cases by the usual 
methods. 


eer os He Be 


eo 0 Oo sb 


BROMINE WITH ACETIC ANHYDRIDE. PART TI. 2463 


Time (mins.) required 
for fall in titre of 


Conc. (M) Initial 


Substance added. (+0-001). titre. 2ee. 6e.c. Ye.e. 
SI geen ce esc oresvaNcedselss7s 0-006 10°25 6960 7080 7320 
Sodium acetate ............ssee0- 0-005 10°55 1200 13820 81630 

pe ge PW igenscedeesebe 0-:0025 10°42 555 630 795 

5 wt." ddxagddawenaenaied 0-0005 10-25 45 90 135 
SNE: “avcorescesscoscesvoosesssss 0-005 12-75 495 585 630 
Dimethylaniline .................. 0-005 9-82 255 495 735 
PENG IRENII (535... céscccccesees 0-005 10°75 165 375 660 
TPISIMINIIND Geni cscseiccscovecces 0-005 10°35 105 210 360 
BEE Subcecocvstoceesesbes 0-009 10-12 90 315 — 
Ammonium acetate ............ 0-005 10-45 60 105 150 
SNMNINEIND © idcvensecs¥osbecncsde . 10-30 60 135 240 
NEED .ccckinvucocsercstorceine . 10-42 45 105 195 
Sodium bromide ...............005 . 10-15 285 525 840 
Potassium bromide 10°35 240 480 780 
Sodium chloride ...............00. 10°35 180 510 900 
Sodium benzenesulphonate ... ja 10-25 60 120 300 


Effect of Nitric Acid and of Acetyl Nitrate ——A solution of pure 
nitric acid (prepared from pure potassium nitrate and pure sulphuric 
acid) in acetic acid (m. p. 16-4°) was freed from nitrous acid by 
aspiration with purified air (Gray, Joc. cit.) and estimated in a Lunge 
nitrometer. 0-05 C.c. of this solution and 0-3 c.c. of bromine were 
made up to 25 c.c. at 25° with acetic anhydride, giving HNO, = 
0-003M. The titre of 2 c.c. of this solution was as follows : 

Time (days) ........000 0 3 5 x 10 17 
ME NOSOD acvsicesscsacee 10-55 10-40 10-40 10-25 9-95 9-55 
0-1 C.c. of acetyl nitrate, prepared as described by Pictet and 
Khotinsky (Compt. rend., 1907, 144, 210), b. p. 27°/30 mm., and 
0-3 c.c. of bromine were made up to 25 c.c. with acetic anhydride. 
Titre of 2 c.c. as follows : 


Time (GBYE) ..cpceccccccesccevccs 0 14 

TIES (0,:6.)' 0. ccvdcoscscscccseseces 11-38 11-15 
Propionic anhydride, prepared by fractionation of Kahlbaum 
material (b. p. 166°/771-5 mm.), reacted with bromine as follows : 
Time (hrs.) ......e000e- 0 2 3 5 7 10 
0 ee Perr rrr 9-32 9-12 8-18 7°75 7-10 6-40 
With propionic anhydride, to which a little nitric acid (0-03) had 
been added, a titre of 10-05 c.c. fell to 2-85 c.c. in 48 hours. When 
acetic anhydride (0-03M) and nitric acid (0-03M) were both added, 
a titre of 10-98 c.c. fell only to 10-95 c.c. in 5 days. 

Effect of Catalysts and Other Substances.—Solutions of hydrogen 
bromide and hydrogen chloride in the anhydride, pure acetyl 
chloride, and pure acetyl, benzoyl, and propionyl bromides were 
obtained as described by one of us (Watson, loc. cit.). The sulphuric 
acid, ferric chloride, and stannic chloride were purified by distillation 
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or sublimation, and pure iodine and iodine bromide were prepared as 
described in Part I, p. 3094. 


Fall in titre after (mins.) 


Substance Conc., Initial 
added. M. 


titre. 10. 20. 30. 40. 50. 60. 70. 
PE cantiets 0-024 10:38 1:32 3:12 490 6-52 7:68 8-52 9-18 
BE) kessbens 0-024 10:25 145 3:25 5-15 658 768 855 9-15 
THEE ccccistes 0-024 10-40 1:42 3-32 5-18 6-75 7:82 8-65 9-30 
eee 0-109 11:30 2-88 552 7-48 8-92 9-80 10-40 
BME écccivces 0-109 11:50 2-92 5-62 7:62 9-02 9-92 10-58 
BEE .ccciiese 0-109 11:10 2-78 5-45 7-38 8-78 9-70 10-22 
BOB 0006058. 0-240 10:28 3:52 632 8-05 9-00 9-65 
0-240 9-90 3-68 635 7:95 8-85 9-40 
ee 0-027 10:10 0-38 1:25 2-92 450 585 7:05 7-95 
eS 0-270 10:15 0-50 1:55 3-25 4:85 6-20 7:35 8-25 
BRU Secscccsesee 0-540 10-28 0-58 182 3:35 5-08 6:50 7:60 8-35 
one 0-270 10:15 0-25 1:25 2-88 4-42 5-85 7:02 7-85 
ere 0-540 10:22 0-75 1:72 3-10 468 6-02 7:08 8-08 
CCl,-CO,H ... 0-009 10:50 0-45 1:40 2:95 4-70 615 7-40 8-22 
CCl,-CO,H ... 0:048 10:25 0-40 1-32 2-85 4:52 5-92 7:10 8-00 
CH,Br-CO,H 0-147 10:40 0-50 1:65 3-10 4:85 615 7:38 8-22 
CH,°CO,H ... 0-450 10:12 0-38 1:80 3-30 5:10 6-58 7-52 8-40 
US 0-001 10:30 1:00 2-95 5-15 6-78 818 9-18 9-82 
HSO, ...00000. 0-002 10:20 1:28 3-40 5-75 7:55 8-98 


Fall in titre after (mins.) 
Substance Conc., Initial - —~ ~, 
added. M. titre. 10. 15. 20. 25. 30. 35. 


Fe, ccccccccccccees 00012 10:22 1:25 2-68 445 6-10 7:85 9-08 
EE. Sicvocececesese 00-0024 10:40 3:18 650 9-40 10-22 

a ere 0:0029 10:18 0-78 1:60 3-38 5-40 7-70 9-20 
Riicicardvevescosceseors 0:0030 10:02 1:72 3:92 6:15 822 9-75 9-95 
Masapoonsesotesisesenss 0-0060 9-95 3-98 7:60 9-82 

BEE ensvanspapeccensse 0:0006 10-40 2:00 3:90 6-25 8-42 9-80 

TEE scevecensosessccse 0-0012 10:25 3-80 6-90 9-15 10-00 

BED cvctsctseokthesnes 0-0060 9:55 9-52 

eer rere 0:0006 10:28 0-65 1:42 2-50 3:82 5-28 6-68 
BEE seedorecevtecoeses 0:0060 10:32 610 9-85 


Examination of a Solution of Hydrogen Bromide in Acetic 
Anhydride.—The solution was prepared in the same way as those 
employed in the velocity measurements. A known volume was 
placed in a bubbler standing in a thermostat at 25°, and a measured 
volume of pure, dry air was aspirated through this solution and 
then into standard alkali; the excess of alkali was determined by 
titration, and the bromide estimated as silver bromide. The 
amounts of acetic anhydride and acetic acid aspirated over were 
obtained by blank experiments under identical conditions, the 
proportion of acetic acid in the mixture being calculated from the 
equation HBr + (CH,°CO),0 = CH,-COBr + CH,°CO,H. If the 
vapour aspirated into the alkali contained acid bromide and no 
hydrogen bromide, the results would give Mols. acid /Mols. bromide = 
2. The mean of two experiments was as follows: Conc. of HBr = 
141M. 500 C.c. of air aspirated through 35 c.c. of this solution in 
10mins. Alkalineutralised = 21-20c,c. of N/20, Alkali equivalent 


fr 
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to Ac,O and HaAc aspirated over = 4:95 c.c. (from blank expt.). 
Alkali equivalent to HBr or AcBr aspirated over = 16-25 c.c. 
Wt. of AgBr = 0-0766 g. Hence, mol. acid aspirated over = 
0000812, and mol. bromide = 0-:000407. Mol. acid/mol. 
bromide = 1-99. Applied to other similar solutions, the method 
gave the following results: Solution of acetyl chloride in acetic 
anhydride, mol. acid/mol. chloride = 1-98; solution of hydrogen 
chloride in acetic acid, mol. acid/mol. bromide = 0-98. 

Reaction of Acetic Anhydride with Acid Bromides.—Acetic 
anhydride and bromoacetyl bromide in molar proportion were 
slowly distilled in an all-glass apparatus; a considerable quantity 
of liquid distilled at 76—79°/760-9 mm. ; this fraction was added to 
water and the bromine precipitated as silver bromide, giving 
Br, 63-75 (calc. in AcBr: Br, 65-04%); a smaller fraction distilled 
at 137—138°, smelt strongly of acetic anhydride, and was probably 
a mixture of the anhydride with unchanged bromoacetyl bromide 
(%Br as COBr, 26-05; %Br as COBr in bromoacetyl bromide, 
39-6). A fraction of high b. p. remained, probably (CH,Br-CO),0, 
which is formed when the mixed anhydride, CH,Br-CO-O-CO-CHsg, 
is distilled (Naumann, Annalen, 1864, 129, 273). Benzoyl bromide 
(2 mols.) was distilled with acetic anhydride (1 mol.); a large 
fraction, collected at 77—82°/775 mm., gave %Br as COBr, 65-36; 
from the liquid remaining some benzoic anhydride (m. p. 40°) and 
benzoic acid were obtained. 

Reaction of Bromine with Acetic Anhydride and Excess of Acetyl 
Bromide.—In both experiments, Ac,O = 9-067M, AcBr = 1-898, 
P= 0-01125. Titre in c.c. of N/50-thiosulphate. 


z. iz. 
a = 0:0887M. a = 0:0294M. 
Time. Titre. CG. Time. Titre. C. 
0 17-75 0 5°88 
3 13°35 0-0827 6 2-80 0-0793 
7 9-10 0-0808 9 1-70 0-0801 
9 7°45 0-0803 14 0-35 0-0813 
16 3°32 0-0798 
Mean 0-0809 Mean 0-0802 
k = 0-0426 k = 0-0423 


Average value of k = 0-04245, giving C’ = 0-000906, k’ = 0-0001. 


The expense of this investigation was in part defrayed by a grant 
from the Chemical Society’s Research Fund, for which the authors 
desire to express their indebtedness. 
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CCCXXX.—On the Photobromination of cycloHexane. 
By Bast. Jonn Woop and Eric KricHTLEy RIDEAL. 


THE photochemical bromination of cyclohexane vapour has been 
studied by Pusch (Z. Hlektrochem., 1918, 24, 336) and Noddack 
(ibid., 1921, 27, 359), who showed that approximately one molecule 
of bromine was removed for each quantum of light absorbed. The 
reaction appeared to be the simplest case of photobromination, for 
there was no evidence of chain formation as in the bromination of 
toluene, stilbene, cinnamic and tartaric acids, and possibly hydrogen. 

The majority of these photobrominations possess marked tem- 
perature coefficients, a general interpretation for which has been 
given by Pratolongo (Gazzetta, 1918, 48, i, 121) and Tolman (J. 
Amer. Chem. Soc., 1923, 45, 2285). The existence of a temperature 
coefficient is believed to be an indication that only those bromine 
molecules already excited, presumably thermally, to a definite 
sub-level are capable of becoming excited to a reacting level on 
absorption of a quantum of the monochromatic radiation employed. 
The existence of a temperature coefficient for this reaction would 
clearly be incompatible with the conclusions of Pusch and of 
Noddack, and the reaction is now shown, in fact, to possess no 
temperature coefficient for the mercury green line. 

In the bromination of hydrogen (Bodenstein and Liitkemeyer, 
Z. physikal. Chem., 1924, 114, 208) and of stilbene, cinnamic acid, 
and potassium oxalate (Berthoud, Trans. Faraday Soc., 1925, 21, 
557; Helv. Chim. Acta, 1924, '7, 318; see also Ghosh and Purka- 
yestha, J. Indian Chem. Soc., 1926, 261), the rate of reaction is 
claimed to be proportional to the square root of the light intensity 
and thus to indicate that the reaction involves the formation of 
bromine atoms according to the reaction 


Br, +hv—>2Br ..... . (1) 
‘Berthoud (oc. cit.) suggests the following mechanism 
A+Br—>ABr ..... . (2) 
ABr + Br, —> ABr, + Br Posten Beets 2 
2ABr—> 2A + Br,orABr, +A... . (4) 


and deduces the relationships d[ABr,]/dt = kI4{Br,] or kJ}{Br,], 
respectively, for total or weak absorption of the active radiation, 
both rates being independent of the concentration of the acceptor. 
It is difficult to understand how the rate of a photochemical reaction 
involving bromine atoms with a high primary photochemical 
efficiency can vary with the square root of the light intensity. If 


ON THE PHOTOBROMINATION OF CcyCciOHEXANE. 2467 


we equate the rate of formation of bromine atoms by (1) and (3) 
to their rate of removal by (2) and by the following reactions 


ABr+Br—+>ABr ..... . (5) 


ee a 
we obtain 


2kI,[Br.] + k[ABr][ Brg] = k,[A}[Br] + &,[ABr][Br] + &,{Br]?. 
The reaction rate is then 
d{ABr,]/dt = k,[ABr][Br] + &,[ABr]}*? + &,[ABr][Br,]. 


It is clear that this rate is not proportional to the square root of 
the light intensity unless the rates of the various methods by which 
ABr, is formed can be considered as negligibly small in comparison 
with the reaction rate 2Br——> Br,, t.e., with a reaction of low photo- 
chemical efficiency. 

If the reaction is not a chain mechanism, we can, following 
Berthoud, represent it on the atomic view as the sequence of 
reactions (1), (2), (5), and (6). As the concentration of the bromine 
atoms is small, we can equate their rate of formation at any instant 
to their rate of removal, thus, d[Br]/dt = 2k1,[Br,] — k,[A][Br] — 
k[ABr][Br] — &,[Br]?=0. Similarly, since [ABr] is small, 
k,[A][Br] = k,[ABr][Br]; moreover, d[ABr,]/dt = k,[ABr][Br]. 
For weak absorption of active radiation we thus obtain 


d{ABr,]/dt = kI,[Br,] — kg[Br]?/2 = kI,{Br.], 


since [Br] is assumed to be small. 

On this view, the reaction velocity will again be proportional to 
the light intensity unless but a small fraction of the bromine atoms 
is removed by the acceptor, in which case the photochemical 
efficiency is small, and the reaction velocity will be dependent on 
the concentration of the acceptor. 

If the reaction takes place between the acceptor and excited 
bromine molecules rather than atoms, we obtain for the rate of 
production of these molecules 

d[Br,"]/dt = kI,(1 — e814), 
where a is the extinction coefficient and d the thickness of the 
absorption layer. If + be the life of an excited bromine molecule 
and 7' the time between successive collisions of the excited molecule 


and the acceptor, the rate of production of the reaction product is 
(compare Turner, Physical Rev., 1924, 23, 464) 


d{ABr,]/dt = kIg(1 — e~tB=4)x/(7' + 2) 
= kI{Bry}¢/(T' + 7) 
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for weak absorption. It is clear that this will be independent of 
the concentration of the acceptor if + be large compared with 7’. 
Since + is of the order of 10-° second (possibly larger according to 
Eggert, Physikal. Z., 1923, 24, 504), we should anticipate that the 
reaction velocity will not be affected by the concentration of the 
acceptor until this has fallen to a pressure such that 7’ becomes 
comparable with +; this pressure can be calculated from the 
kinetic gas theory to be only some 0-3 mm. Hg in the case of 
cyclohexane. Thus, if the primary photochemical action be either 
the formation of an excited bromine molecule or a dissociation into 
atoms, the reaction rate would be independent of the concentration 
of the acceptor except at very low pressures. We would also 
conclude that for weak light absorption the reaction velocity for 
the bromination of cyclohexane would be strictly proportional to 
the light intensity, a view confirmed by experiment. 

Finally, it is well known that bromination of many substances 
in solution is greatly affected by oxygen, which acts as an inhibitor. 
It was decided to investigate this effect in the case of cyclohexane, 
because such a quantitative study would give information on the 
mechanism of the bromination process. The most probable hypoth- 
esis is that the reaction proceeds through an excited molecule in 
the following steps : 


Br, + hv-——> Bre’ . . 1. we le Cw (la) 
C,H,. + Br.’ —> C,H,,.Br,’ . . . . . (7) 
C,H,.Br,,—> C,H,,Br’ + HBr . .. . (8) 
or C,H,.Br,’ + 0. —> C,H,. + Brn +O, +e. (9) 
C,H,,Br’ + Br, —> C,H,).Br, + HBr .. . (10) 


The excited complex C,H,,Br,’ formed in (7) can either decompose 
spontaneously (8), or be deactivated by collision with oxygen (9). 

The rate of formation of excited bromine molecules, for weak 
absorption, is equal to kI,[Br,]; the formation rate of the complex 
= kI,[Br,}</(T’ + +). Since its concentration is small, its form- 
ation rate can be equated to its rate of disappearance by reactions 
(8) and (9) with respective velocity coefficients k, and k,. The 
reaction rate is determined by the probability of reaction (8), 
which is equal to k,/(k, + &,[O,]). Hence the rate of bromination 
is given by 


d{C,H,,Br]/dt = k1,[Bra}tk,/(+ + T)(kg + kg[O.]) 


There are two alternative ways in which the inhibiting effect of 
oxygen might operate : (a) In the sequence of reactions Br, + hv—> 
2Br; C,H. + Br—>C,H,,Br; CgH,,Br + Br—>C,H,,Br + HBr, 
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the bromine atoms, in addition to combining with themselves, 
might be rendered inactive by the reactions Br + O,—>BrQ,; 
BrO, + Br—>Br, + O,. (6) In the series Br, + hv—>Br,’; 
C,H, + Br.’—>C,H,,Br + HBr, the activated bromine mole- 
cules may be deactivated by the reaction Br,’ + O,—>Br, + Ong, 
as well as by Br,’—->Br,. In either case, it can readily be shown 
that the inhibition must be dependent on the concentration of the 
acceptor, but since it has actually been found to be independent 
(see Experimental), it follows that these two hypothetical modes 
of operation are eliminated, and that the inhibiting mechanism is 
expressed by equation (9). 


EXPERIMENTAL. 


Pusch and Noddack in their examination of the reaction under 
consideration estimated the rate of removal of bromine by spectro- 
photometric and titration methods, but here the reaction was followed 
throughout its course by measuring the pressure change. Mono- 
chromatic light was employed, the green line , = 5460 A. from a 
mercury-vapour lamp and light filter being sufficiently intense to 
give easily measurable velocities. 

The apparatus used is shown in Fig. 1. The reaction vessel used 
at first was a glass cylinder with flattened ends, but in the form 
subsequently employed the ends were of plane parallel glass fused 
on. It is connected by capillary tubes through two taps to reser- 
voirs containing bromine and cyclohexane. Two other connexions 
are made—one to the pumps, and the other to the gauge. 

The pressure gauge consists of a sulphuric acid differential 
manometer of fine-bore tubing, connected to a mercury manom- 
eter and a large bulb kept in ice which serves to maintain a 
constant pressure. A two-way tap is connected to the gauge 
through which hydrogen and oxygen can be admitted. Exhaustion 
can be effected through a soda-lime tube and liquid-air trap by 
mercury diffusion pumps backed by an oil pump. This is necessary, 
as a high vacuum is required to remove oxygen and the reaction 
products. Connexion can also be made with a water pump when 
required. 

The. reaction vessel is contained in a metal box, with plane 
parallel glass faces, through which circulates water from a thermo- 
stat constant to within -+ 0°1°. 

Light from the mercury lamp reaches the reaction vessel after 
passing through (1) a vessel with plane parallel glass faces in which 
cold water removes the infra-red ; (2) a filter of saturated potassium 
dichromate solution, to which neodymium magnesium nitrate 
has been added until the yellow line disappears, thus isolating the 
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mercury green line (R. W. Wood, “ Physical Optics,” p. 15); and 
(3) an adjustable diaphragm. At first, a small glass mercury lamp 
was used, which was run in series with a resistance of 220 ohms 
from a constant 220 volts supply and took 0-65 amp. This was 
later replaced by a quartz mercury-vapour lamp taking 4 amps. 
with a P.D. of 150 volts, giving much more intense illumination. 
Materials—The purest obtainable bromine was further purified 
by distilling it twice over potassium bromide and zinc oxide, and 
finally over phosphorus pentoxide in an all-glass system; it was 
stored over phosphorus pentoxide. The cyclohexane was purified 


Fie. 1. 
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by repeated shaking with sulphuric acid, and finally by distillation. 
The hydrogen used in the gauge was passed over hot palladinised 
copper and through drying tubes. Oxygen was obtained by 
electrolysis of hot baryta solution and was dried before entering 
the apparatus. 

The tap leading to the bromine reservoir was lubricated with 
a mixture of nujol and paraffin wax, which sufficed for some weeks 
without renewal. The most satisfactory lubricant for the tap to 
the cyclohexane reservoir was a mixture of chlorinated bees’ wax 
and aniline. 

Method of Operation.—Connexion was first made between the 
water pump and the cyclohexane and bromine reservoirs in turn, 
and a quantity of the vapours was drawn over to remove air present 


—_— - oa an ae eee 2: oe 


- @ad 


~ 2 me fu 


ON THE PHOTOBROMINATION OF cycloHEXANE. 2471 


in the reservoirs. This operation was only repeated after the taps 
on these reservoirs had been cleaned out. 

The whole system was evacuated by the diffusion pumps for 
some hours. cycloHexane and bromine vapours were then admitted 
to the reaction vessel to known pressures, as follows : Pure hydrogen 
was let into the gauge up to the tap T to a measured pressure; 
by regulating the temperature of the cyclohexane, it was then let 
into the system to a slight excess pressure, the tap T, was shut, 
T opened, and the excess drawn out by turning T, until the level 
on the sulphuric acid manometer was the same on both sides. T 
was now shut, more hydrogen was let into the gauge, and bromine 
vapour let into the reaction cell until the pressure was just below 
that in the gauge. T was then opened, T, shut, and bromine let 
in until the pressures on each side were the same. 

The progress of the reaction was followed by observing the 
pressure decrease on the sulphuric acid manometer, T, being turned 
off when measurements were taken. 

As the thermal reaction between bromine and cyclohexane is 
appreciable at the temperatures used, it was necessary to measure 
this in order to ascertain the amount due to the photochemical 
reaction alone. This was usually done by screening off the light 
for a time and measuring pressure decreases due to the dark reaction 
only. Measurements were also made in which the thermal reaction 
was allowed to proceed to completion. 

Before each run the system was evacuated for at least 2 hours. 
The reaction vessel was heated with a Bunsen burner while under a 
high vacuum to remove the reaction products which condensed on 
the cell and cut down the light entering the system. 

The pressures employed (in terms of Hg, to which all measure- 
ments are reduced) were about 5 cm. of cyclohexane and 4 cm. of 
bromine, an excess of the former being invariably present. The 
pressure changes finally recorded did not, in general, correspond 
to any definite stage in the bromine substitution, but were some- 
what variable. It was therefore necessary to run the reaction to 
completion in each case, the final value being taken as propor- 
tional to the amount of bromine present, and bromine concen- 
trations at any one time being deduced from the pressure changes 
at that time. 

The following are the results of two typical runs at 30° for the 
dark reaction, which required about 4 hours for completion; k = 
1/t. logy, a/(a — x). Cell A (with flattened ends) was used. 


(I.) (II.) 
Press. of bromine vapour (CM) ..........ccccessssscssecseces 3-89 3°86 
ie cyclohexane VApour (CM.)  ........cecscceesceveces 5-51 5-55 


Press. change for complete reaction, t,, (CM.) ......++0++. 1-620 1-470 
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(I.) (II.) 
si = — 
Press. Press. 

t, mins. fallcem. a—z2z. kx 104. fallcem. a—2x. kx 104, 
0 0-606 1-014 — 0-108 1-362 oe 
25 0-907 0-713 64 0-509 0-961 60 
50 1-088 0-532 63 0-801 0-669 62 
75 1-217 0-403 57 0-961 0-509 58 
100 1-320 0-300 56 1-100 0-370 55 
125 1-418 0-202 55 1-198 0-272 55 
150 1-480 0-140 57 1-277 0-193 57 
175 1-326 0-144 59 
Mean 59 Mean 58 


The thermal reaction is thus seen to conform to the unimolecular 
law. As the photochemical reaction also conforms to the same 
law, it was thought that this reaction might be due to diffuse day- 
light, but blackening of the lead tubes only reduced the coefficient 
to 0-0049, which must be due to a true dark reaction. 

Temperature Coefficient of the Photochemical Reaction.—In these 
experiments, the first lamp mentioned on p. 2470 was used with a 
filter transmitting the green line. The reaction cell was filled as 
before, and removal of a stop let the light into the system. Read- 
ings were taken every minute, the light was shut off, and the thermal 
reaction velocity measured. As before, the reaction was taken to 
completion. 

Experiments were conducted at 30° and at 40°, one of the latter 
being recorded as an example : 

Br, pressure = 4-41 cm. C,H, pressure = 5-17 cm. cc value= 
2-090 cm. 


Green filter. 

t. a—a« kx 104. t. a—2z kx 10. t. a—a. kx 104. 
0 1-937 8 1-598 103 12 1-451 101 
5 1-718 102 9 1-556 105 13 1-417 104 
6 1-682 101 10 1-522 104 14 1-385 103 
4 1-635 104 11 1-484 104 Mean 103 
k for thermal velocity = 70 

Press. of 
i A a k for k k 

Temp. C,.H2. Br,. green filter. (thermal). (green alone). 
40° 4-41 5-17 0-0103 0-0071 0-0032 
4:03 5-27 0-0106 0-0070 0-0036 
30 3-91 5-07 0-0099 0-0066 0-0033 
4-01 5-06 0-0099 0-0065 0-0034 


The temperature coefficient of the photochemical reaction is thus 
unity within the limits of accuracy of the experiment. By the use of 
the mercury lamp with no filter, unimolecular coefficients were also 
obtained. Two experiments gave a temperature coefficient of 1-05: 


Temp. k (total). k (thermal). k (photochemical alone). 
40° 0-027 0-007 0-020 
30 0-025 0-006 0-019 
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The thermal reaction appears to have only a slight temperature 
coefficient. In these experiments, the capillary connexions were 
not blackened. 

The measurement of the thermal velocity coefficient at 100° 
gave a value of k = 0-011. 

The small temperature coefficient of the dark reaction would 
appear to point to this being a surface action rather than a true 
bulk reaction (compare Norrish, J., 1923, 123, 306). Experiments 
with two different reaction cells at 30° gave identical velocity 
coefficients, and the ratio of surface area to volume was the same 
in each case, thus lending support to this view. 

Effect of Intensity of Iight.—In this series of experiments, the glass 
mercury lamp was replaced by a quartz lamp giving much more 
intense light. The reaction-cell used had plane parallel glass 
windows. The light intensities were compared by means of a 
thermopile and galvanometer. In making measurements, the 
thermostat cell was removed and the thermopile brought up to 
the same position behind the cell in each case. The intensity was 
varied by altering the distance of the lamp from the system, and 
is given in terms of the galvanometer deflexion. 


Pressure of 
Light intensity, pe A ™ 

em. Br,. C,H. k x 104. 
9-55 3°73 5:33 645) 

4-01 5-09 663 s Mean 654 
6-00 4-06 5-02 450 

4:02 5:07 440 }Mean 441 

3-91 5-17 435 


Separate determination of the thermal velocity coefficient gave 
k = 0-0060. 

Ratio of reaction velocities = (654 — 60)/(441 — 60) = 1-56. 

Ratio of light intensities = 9-55/6-00 = 1-59. 

The agreement shows proportionality between velocity and light 
intensity. 

Influence of Concentration of cycloHexane.—In all the foregoing 
experiments, the original cyclohexane pressure was within 10% 
of 5cem. No general falling off of the unimolecular coefficient was 
observed as the cyclohexane concentration was reduced during the 
progress of the reaction, and it would thus appear that the rate is 
independent of the cyclohexane pressure. An attempt was made 
to test this point by using cyclohexane pressures of from 5 to 2 cm. 
with 4 cm. of bromine. With 5 and 4 cm. of cyclohexane, the total 
pressure changes for complete reaction were approximately the 
same, and the unimolecular coefficients were identical, corresponding 
to the substitution of 2—3 atoms of bromine; with 3-2 cm. the 
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total pressure changes were less, corresponding either to incomplete 
substitution or to incomplete removal of bromine. The reaction 
was therefore followed by direct measurement of the bromine con. 
centration, which, together with pressure measurements, should 
give an indication of the extent of the substitution by bromine, 
This was effected by measurements of the intensity of the emergent 
light with a potassium photoelectric cell. The light from the 
mercury lamp passed through a condensing lens on to a stop placed 
at the focal distance from a second lens, the approximately parallel 
beam being passed through the reaction vessel on to the cell. The 
photoelectric cell was in series with a galvanometer, a high resist- 
ance, and a constant voltage of 159 volts. For calibration, galvan- 
ometer readings were taken corresponding to bromine pressures 
measured on the sulphuric acid manometer. The reaction could be 
followed by plotting galvanometer deflexions against time. Simul- 
taneous galvanometer and pressure readings were made for experi- 
ments with various cyclohexane concentrations. It was found that 
the bromine pressure plotted against pressure changes gave a 
straight line—the gradient in all cases corresponding to the sub- 
stitution of two bromine atoms in the molecule—thus confirming 
the assumption that the bromine concentration could be taken as 
proportional to the difference in pressure from the infinity value. 
With low cyclohexane concentrations, the pressure change ceased 
before complete removal of bromine, although, for the initial stages 
of the reaction, bromine pressures plotted against pressure changes 
gave a straight line of the same gradient as with higher cyclohexane 
concentrations. 

The table shows values of the unimolecular coefficient (k’ = 1/t. 
logs9 [Br2]o/[Br.]:) for the removal of bromine calculated from 
bromine concentrations measured with the photoelectric cell for 
various cyclohexane concentrations. 


C,H,, press., Br, press., C,H;,. press., Br, press., 


cm. cm. k’ x 106. cm. cm. k’ x 104, 
7-13 2-10 198 3°93 1-79 187 
6-10 2-01 186 3-12 1-53 178 
5-24 2-25 182 2-11 1-96 161 


It will be seen that the rate is independent of the cyclohexane 
concentration within the limits of experimental error. 

Influence of Oxygen.—Preliminary experiments showed that the 
reaction was inhibited by oxygen. The velocity in the presence of 
pressures of oxygen from 0-01 to 1 cm. Hg was measured. Oxygen 
was let into the gauge up to the tap T to a known pressure, diluted 
with hydrogen, and pumped out to a measured pressure (about 
2 cm. Hg); the reaction vessel was evacuated, and the oxygen- 
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hydrogen mixture let in to the system; 5 cm. of cyclohexane and 
4 cm. of bromine were let into the reaction vessel as before, and 
the velocities measured. 

In this series of experiments the capillary connexions were 
blackened; the thermal velocity was measured in the absence of 
oxygen and gave k = 0:0048. The light intensity was kept constant 
throughout. 

The table shows the velocity coefficients for various oxygen pres- 
sures. It is to be noted that the reaction still obeys the unimolecular 


law. 
Pressures (cm. Hg) of 


k k 
O,. C.H,,. Br,. k. (thermal). (photochem.). 
0-000 5:13 4:14 0:0403 0-0048 0-0355 
0:0083 5-44 3-94 0-0380 x 0-0322 
0:0261 5°57 3:87 0:0300 os 0-0252 
0-045 5-05 3-96 0:0255 “ 0-0207 
0-070 5-24 3-93 0:0221 es 0-0173 
0-116 5:19 3-95 0-0187 of 0:0139 
0:49 5-13 3-76 0-0094 0-0050 0-0044 
1-05 4:87 4-00 0-0066 0-0045 0-0021 
Fia. 2. 
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Oxygen pressure (cm. Hg). 


The thermal velocity coefficient does not diminish for oxygen pres- 
sures up to 0-49 cm., but for 1 cm. it appears to fall slightly. These 
results are plotted in Fig. 2 (Curve I). Curve II shows the values of 
oxygen pressure plotted against the reciprocals of the corresponding 
velocity coefficients ; it will be seen that a straight line is obtained. 

The inhibition by oxygen can thus be represented by the equation 


(compare p. 2468) 
ko, ” Kk,/(kg + k[0,]), 
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where K is the velocity coefficient in absence of oxygen, ko, is that 
for a pressure of oxygen [O0,], and k, is a constant. From the 
gradient of the curve the value of k,/k, is found to be 14-8, and the 
values deduced from the velocity coefficients with oxygen equal to 
0-49 and 1-05 cm. Hg were 14-4 and 15-0, respectively, 7.e., agree. 
ment with this equation extends up to the highest oxygen pressures 
used. Experiments were not attempted at higher pressures because 
ko, becomes too small. 

From the value of k,/k,, it is possible to deduce a value for the 
mean life of the excited complex C,H, .Br,’; when the oxygen 
pressure is expressed in mm. Hg (instead of cm.), k,/k, = 1-48. 
Now, k,/k, = (1/7')/(1/+), where + is the mean life of the complex, 
and 7’, the time between successive collisions of oxygen and the 
complex (each of which is assumed to be effective in causing de- 
activation) for unit oxygen pressure, is given by 7’ = 1/Ac*, where 


A = 2667 2nN(m, + m,)/ROmym, (Turner, loc. cit.). 


Taking a value of o as 10-’ cm. for the mean of the diameters of 
the oxygen molecule and the complex, we obtain 7’ = 2-1 x 10° 
sec., whence += 3 x 10-8 sec., a value comparable with those 
obtained for excited molecules by other methods. 


Summary and Interpretation of Results. 


In the photobromination of cyclohexane under conditions where 
the light absorption is proportional to the concentration of bromine, 
it is found that the photoreaction has no temperature coefficient 
for light of wave-length 1 = 5460 A. in the range 30—40°. The 
reaction rate is directly proportional to the light intensity and 
independent of the concentration of the cyclohexane. 

This form of unimolecular law is shown to be compatible, when, 
as in this case, no chain formation occurs, with two hypotheses : 
(1) the reaction may proceed through the formation of bromine 
atoms, or (2) the primary action may be the formation of an excited 
bromine molecule, the life of which is long compared with the 
time between collisions with a molecule of the acceptor. 

The reaction velocity is reduced by the presence of oxygen. 
The inhibition is found to be independent of the pressure of the 
cyclohexane. The quantitative data lead to the conclusion that 
not atoms but excited bromine molecules are the primary photo- 
active constituent; further, that it is not these excited molecules 
but the excited C,H,,Br,’ molecules which are deactivated on 
collision with oxygen. The mean life of this complex is ca. 3 x 10° 
sec. The mechanism of the photobromination and inhibition by 
oxygen can accordingly be described by the reactions (14), (7), (8), 
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(9), and (10) (see p. 2468). The thermal bromination of cyclohexane 
proceeds slowly on the surface of glass at 30°. 

If the following values be taken for the heats (in Cals.) of linking 
in the various reactions employed: C-—Br= 62; C-H = 87; 
Br,—>2Br = 46-2; H + Br = HBr + 77-7; energy in the radiation 
Nhv = 53-2, it is clear that the excited bromine molecule of energy 
content 53-2 Cals. cannot break a C-H union by impact and subse- 
quent transference of its energy alone, but only by forming an 
association complex, which then undergoes rearrangement. From 
the above data we obtain 

C,H,, + Br, —> C,H,,Br + HBr + 6-5 
C,H,. + Br,’ —> C,H,,Br + HBr + 59-7 


The products of reaction thus contain 59-7 Cals. If, as is imagined 
by some (Marshall, J. Physical Chem., 1925, 29, 842), the hydrogen 
bromide carries away this energy, there seems no reason why there 
should not be reaction chains in this reaction as in the bromination 
of toluene where similar conditions obtain. If, on the other hand, 
the energy is retained by the bromo-derivative, the difference in 
structure between bromocyclohexane and benzoyl bromide may 
account for the difference in reaction; in one, the transfer of 
energy to another bromine—hydrogen complex in the same ring is 
possible, forming dibromocyclohexane; in the other, the energy is 
localised on a side chain and can apparently only be transmitted 
to another molecule on collision. It is hoped to examine the chain 
formation in the photobromination of toluene in the near future. 


Our thanks are due to Messrs. Brunner Mond for assistance in 
defraying part of the experimental cost, and to the Department 
of Scientific and Industrial Research for a grant to one of us 
(B. J. W.) which has enabled us to undertake this investigation. 
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ann —The Preparation and Properties of 
dl-Glyceraldehyde. 


By H. Gorpon REEvss. 


THE importance of glyceraldehyde is twofold. Not only is it the 
foundation stone on which the stereochemical configuration of the 
carbohydrates is constructed, but also it is regarded as an important 
link in the elusive metabolic chain of chemical reactions by which 
in the animal body glucose is converted into carbon dioxide and 
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water. Despite this, it has received comparatively little attention 
owing probably to the great difficulty experienced in preparing it 
in a pure condition and to its lability and concomitant sensitiveness 
towards chemical reagents. 

Nearly 70 years ago Van Deen (Nederl. Tydschr. Geneesk., 1860, 
4, Aug.) reported that glycerol, when treated with nitric acid or 
subjected to the passage of an electric current, yielded a fermentable 
syrup which was optically inactive. Since that time, numerous 
attempts have been made to prepare glyceraldehyde by the oxid- 
ation of glycerol with various agents or by electrolysis of hydroxy- 
acids, but in every case the yield was most unsatisfactory (for 
summary see Witzemann, J. Amer. Chem. Soc., 1914, 36, 1908). 

In 1898, Lobry de Bruyn and Adriani (Rec. trav. chim., 17, 258) 
made the important discovery that by careful hydrolysis of acralde- 
hyde dibromide, glyceraldehyde could be obtained, and in the same 
year Wohl (Ber., 31, 1796, 2394) synthesised the pure aldehyde 
from acraldehyde through glyceraldehyde diethylacetal. In 1914, 
Witzemann (loc. cit.) proved that glyceraldehyde was formed when 
glycerol was oxidised with Fenton’s reagent (Fenton and Jackson, 
J., 1899, 75, 4; Chem. News, 1898, 78, 187); the syrupy product 
was converted into the diethylacetal by Fischer and Giebe’s method 
(Ber., 1897, 30, 3055; 1898, 31, 545), but only 6% of the syrup 
yielded an acetal, the chief impurity being dihydroxyacetone, which 
does not form an acetal. Owing to the presence of by-products, 
the glyceraldehyde, obtained by hydrolysis of the acetal with dilute 
sulphuric acid, could only be crystallised with great difficulty (com- 
pare Meyer and Jacobson, “ Lehrbuch der Organische Chemie,” I, 
ii, 157, 171), and the method was too tedious for practical purposes. 

Of the many methods which have been used, that of Wohl is the 
only one which gives glyceraldehyde in a state of purity, entirely 
free from dihydroxyacetone and in reasonable yield. For this 
reason the material used for the present observations was prepared 
directly from acraldehyde (obtained by Moureu’s method, Ann. 
Chim., 1921, 15, 158; see also Snellgrove, Thesis, London, 1924) 
in four stages. (1) Acraldehyde was converted into $-chloroprop- 
aldehyde diethylacetal by the action of cold absolute alcohol, 
saturated with dry hydrogen chloride: the yield was greatly 
improved by the addition of anhydrous calcium chloride. (2) The 
elements of hydrogen chloride were removed from the chlorinated 
acetal by distillation with solid potash, with production of acralde- 
hyde diethylacetal. (3) This was oxidised by aqueous potassium 
permanganate to glyceraldehyde diethylacetal. (4) The last acetal 
was hydrolysed by means of dilute sulphuric acid, the acid neutral- 
ised, and the pure glyceraldehyde caused to crystallise from the 
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concentrated liquor by the addition of methyl alcohol and ether. 
Each of the four stages proceeds smoothly, but, although the yields 
have been improved in the present research, they are not good. 

Glyceraldehyde, as thus obtained, is a white, non-hygroscopic, 
slightly sweet powder, which crystallises from aqueous methyl 
alcohol in colourless, pointed needles. Analysis and the m. p. of 
its p-bromophenylosazone (168°) showed it to be pure (Wohl, loc. 
cit., gives m. p. 168°). . 

As a basis for the space representation of the sugars, the uni- 
molecular formula (I) for glyceraldehyde is always adopted, but 
Wohl and Neuberg (Ber., 1899, 32, 1352; 1900, 33, 3095) showed 
by cryoscopic determinations that it was bimolecular (compare 
glycollaldehyde and dihydroxyacetone) and ascribed to it the 
formula (II). In aqueous solution, the aldehyde gradually assumes 
the unimolecular form. In view of the importance of these observ- 
ations, molecular-weight determinations were repeated with par- 
ticular care, and the results of Wohl and Neuberg were confirmed. 

In preparing the glyceraldehyde for this research, it was noted 
that the transparent syrup obtained by the hydrolysis of its diethyl- 
acetal had most unexpected properties. After standing over-night 
in a vacuum desiccator, the syrup showed a white opalescence ; 
24 hours later it had become very viscous and perfectly opaque. 
These phenomena were noted on only one occasion by Witzemann 
(J. Amer. Chem. Soc., 1914, 36, 2223) in his repetition of Wohl’s 
synthesis, and his use of the term “colloidal” in this connexion 
was unsupported by any evidence. It seemed necessary, therefore, 
to investigate the molecular complexity of the aldehyde in these 
various states. The transparent syrup was found to be enolic and, 
in aqueous solution, unimolecular; the following scheme is therefore 
suggested as a possible mechanism for the changes described above : 


CH,(OH)-C:CH:OH 
(CHrOH| —  §@ mo _. CH2(OH)CH——CH-0H 
ioe | = 0 0 
CHO CH(OH):C-CH,-OH CH(OH)-CH-CH,-OH 
(I. Unimolecular (Enolic form.) (II. Bimolecular form.) 


form.) 


In support of this scheme, the possibility of the formation of a 
stable six-atom compound from an enol, recently substantiated by 
Sidgwick (J., 1925, 127, 907), may be cited. The crystalline bi- 
molecular glyceraldehyde, after repeated crystallisation, was shown 
by K. H. Meyer’s method (Annalen, 1911, 380, 212; Meyer and 
Kappelmeier, Ber., 1911, 44, 2718) to contain a trace of the enol. 

Fischer and Tafel (Ber., 1887, 20, 2566) showed that crude 


2480 REEVES: THE PREPARATION AND 


glycerose polymerised under the influence of dilute alkali. Wohl 
and Neuberg (loc. cit.) found that pure glyceraldehyde in presence 
of 1% caustic potash solution readily condensed to 8-acrose and 
also partly split up into dihydroxyacetone. Nef (Annalen, 1907, 
357, 214; 1910, 376, 1; 1914, 403, 204) showed that the first step 
in the action of dilute alkali on all carbohydrates was the production 
of unsaturated enols, which then underwent decomposition by fission 
at the double bond. Thus the yé-dienol formed by the action of 
alkali on glucose breaks down at the ethylene linkage to give glycer- 
aldehyde. The interaction of glyceraldehyde with alkali involves 
primarily the formation of a sodium salt, the metallic atom being 
attached to the carbon atom adjacent to the carbonyl group; this 
salt is next converted, by elimination of sodium hydroxide, into the 
methylene derivative, and the latter is finally converted into the 
glycide. 

Hence it appeared likely that in dilute alkaline solution the enolic 
modification of glyceraldehyde could be detected by the coloration 
with aqueous ferric chloride, and, actually, it was found to give a 
deeper coloration than glucose under identical conditions. 

All sugars in solutions of like concentration have the same 
refractive index, and tables have been prepared for sugar products 
by Main (Int. Sugar J., 1907, 9, 481), Geerligs (ibid., 1908, 10, 68), 
and Bryan (J. Amer. Chem. Soc., 1908, 30, 1443). It was thought 
that refractometric measurements would provide further proof of 
the existence of the enol in alkaline solution, and the results fulfilled 
these expectations both for glucose and for glyceraldehyde. 

The presence of the enolic modification of glyceraldehyde in 
alkaline solution elucidates the mechanism of acrose formation as 
outlined by Schmitz (Ber., 1913, 46, 2327). The reaction is not, 
however, the auto-condensation of glyceraldehyde, but its condens- 
ation with dihydroxyacetone, which may be assumed to result from 
the enolic form of the aldehyde : 


OH,-OH) H,OH 

CH-OH H-OH 
CHYOH? CHO | _. QH-OH 
(OH . 9H,0H H-OH 
CH-OH S Go 0 

CH,OH } HOH 


That an enolic form of glyceraldehyde was present in alkaline 
solution had been foreshadowed, since Fischer (Ber., 1895, 28, 1149) 
suggested that “‘ sodium glucosate,” formed by the action of sodium 
hydroxide on glucose, had the structure 
OH-CH,°[(CH:OH],°C(OH):CH:ONa, 
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and Wohl and Neuberg (loc. cit.) postulated an unsaturated alcohol 
of the type X-C(OH):CH-OH as an intermediate phase in the con- 
yersion of glyceraldehyde into $-acrose under the influence of dilute 
alkali. The existence of this unsaturated labile form is now definitely 
proven. 

The close resemblance between glyceraldehyde and glucose in 
chemical properties suggests the possibility of either a 1:2- or a 
1: 3-oxide structure rather than the generally accepted straight- 
chain aldehydic form. 

Owing to its extreme lability, glyceraldehyde has hitherto resisted 
attempts to methylate it completely, but the work is being con- 
tinued, and it is hoped to publish the results shortly. From the 
preliminary work, it would appear that glyceraldehyde falls into 
line with other sugars in its resistance to propylene-oxide formation. 


EXPERIMENTAL. 


Preparation of Glyceraldehyde.—8-Chloropropaldehyde diethylacetal. 
To absolute alcohol (2 mols.), cooled in an ice-bath, powdered 
anhydrous calcium chloride (4 mol.; excess should be avoided) was 
added, and acraldehyde (1 mol.) admitted in small portions at a 
time with continuous shaking. Dry hydrogen chloride (1 mol.) was 
now bubbled through the mixture, the temperature of the bath 
being kept below 5°; the mixture, which became yellow, was kept 
for 24 hours, during which it separated into two layers. The lower 
oily layer was drawn off, neutralised with finely powdered sodium 
bicarbonate, and dried over solid potassium hydroxide without 
removing the alcohol. Small quantities of the oil were recovered 
from the supernatant liquor by passing further quantities of hydrogen 
chloride. The yield was 90% of the theoretical. The pale yellow 
oil so obtained had a characteristic but not unpleasant odour. 

Acraldehyde diethylacetal. (In this preparation exact adherence 
to the specified conditions is essential.) To 200 g. of the above 
crude oil in a 1-litre copper flask, 400 g. of pure, dry, finely powdered 
potassium hydroxide were added slowly in small quantities at a 
time with vigorous shaking and cooling. The mixture was then 
distilled very slowly through a three-bulb Young fractionating 
column; the main bulk passed over between 120° and 130°. This 
was dried with potassium carbonate and redistilled, the fraction 
distilling between 120° and 128° being collected (yield, 70%). The 
acraldehyde acetal was a colourless, mobile liquid with an agree- 
able ester-like odour, slightly soluble in water, but miscible in all 
proportions with alcohol and ether. It is readily hydrolysed in the 
cold by dilute hydrochloric acid. 

Glyceraldehyde diethylacetal. The acraldehyde acetal (100 g.) was 
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emulsified by vigorous shaking with distilled water (1200 c.c.), and 
the whole cooled to 0°. To the cold emulsion was added, drop by 
drop with continuous and vigorous shaking, the calculated quantity 
of a 4% aqueous potassium permanganate solution. The mixture, 
after being kept for 12 hours at 0°, was heated for $ hour on the 
water-bath and filtered from the precipitated manganese dioxide, 
which was well pressed and then twice washed with 50 c.c. of warm 
water. The warm filtrate and washings were treated with potassium 
carbonate solution (500 g. per litre) and immediately cooled; the 
glyceraldehyde diethylacetal, which separated as a yellow oil on 
the surface of the liquor, was removed, and the lower aqueous layer 
extracted four times with ether. The oil and the extracts were 
combined, and the ether was removed. The residual acetal was 
redistilled under diminished pressure, b. p. 130°/20 mm. A small 
amount of unchanged acraldehyde acetal can be recovered. The 
yield of glyceraldehyde diethylacetal is variable; in no case was 
it greater than 60%, and in one experiment it fell to 30% for no 
accountable reason (Wohl and Neuberg reported 40% ; Witzemann, 
54%). The loss here cannot be explained, since the oxidation itself 
proceeds quite smoothly. 

The acetal is a colourless, viscous liquid with a caustic taste. It 
is miscible with water, alcohol, and ether, and is readily hydrolysed 
by dilute mineral acids. Its aqueous solution reduces Fehling’s 
solution in the cold, and in acetic acid it gives a phenylosazone. 

dl-Glyceraldehyde. 55 G. of the acetal were dissolved in N’/10- 
sulphuric acid (550 g.) and kept at room temperature for 48 hours, 
then at 38° for 24 hours, and allowed to cool. The acid was exactly 
neutralised with the calculated weight of barium hydroxide, and 
the whole kept for 2 hours. The precipitated barium sulphate was 
filtered off and washed with a minimum volume of water. The 
filtrate was concentrated at 40° in a vacuum over calcium chloride. 
The further small amount of barium sulphate which had separated 
when concentration was half completed was filtered off, and con- 
centration continued. Success in crystallisation depends on the 
complete removal of water from the syrup. After one month, a 
pale yellow, transparent syrup was obtained, which on standing 
over-night in the vacuum desiccator showed a white opalescence, 
and after a further 24 hours became creamy and opaque. ‘Tritur- 
ation with small amounts of pure ice-cold methyl alcohol containing 
1% of ether caused immediate separation of the crystalline glycer- 
aldehyde; yield, 60% of the theoretical. (Excess of ether must 
be avoided, otherwise the product is sticky.) 

Properties —The glyceraldehyde was obtained as a white, non- 
hygroscopic, slightly sweet powder, m, p. 133°; after being washed 
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with methyl alcohol, dried on porous tile, recrystallised from 40% 
aqueous methyl alcohol, and dried over phosphorus pentoxide in a 
vacuum for one week, it had m. p. 138-5° (Wohl gives 138°, and 
Witzemann 142°), unaltered by further recrystallisation and desicc- 
ation (Found: C, 39-8; H, 6-7. Calc.: C, 40:0; H, 6-7%). It 
crystallises from aqueous methyl alcohol in short, colourless needles, 
which are sparingly soluble in water, ethyl alcohol, and ether, and 
decompose above their m. p. to a sticky, brown, caramel-like mass. 
Its p-bromophenylosazone melted at 168°. 

To the properties already described (Abderhalden, “‘ Biochemisches 
Handlexikon,”’ II, 1911) may be added the following : It is insoluble 
in benzene, petroleum, and pentane. Its solubility in water at 18° 
is 3 g. per 100 c.c., and it has dif 1-455. 

Molecular-weight Determinations.—(a) The crystalline solid. A 
freshly prepared solution containing 0-1480 g. in 25 c.c. of water 
gave A = 0-061°, hence M = 180-6. After the solution had stood 
for one week, A was found to be 0-122°, hence M = 90-3. Thus 
dissociation into the unimolecular form occurs in aqueous solution. 

(b) The transparent syrup, from which the crystals separated, is 
apparently unimolecular: 0-1204 g. in 25 c.c. of water gave A = 
0-097°; M = 92-4. 

The Action of Alkalis and the Existence of an Enolic Modification.— 
Cold dilute sodium hydroxide (both N/10 and J) readily dissolves 
glyceraldehyde, which passes through all the various changes 
described by Nef, finally giving $-acrose, polysaccharides, and 
lactic acid. The alkaline solution resinifies gradually on being 
warmed. The aldehyde is less soluble in 50% sodium hydroxide 
and rapidly resinifies in the hot solution. Its behaviour with alkali 
is thus similar to that of other aliphatic aldehydes. 

Colorimetric Measurements with Ferric Chloride Solution—5 C.c. 
of 1% aqueous solutions of glucose and glyceraldehyde were each 
kept at 38° for 10 minutes; 5 c.c. of 0:1% caustic soda solution 
were then mixed with each, and the mixtures were kept at 38° for 
a further 10 minutes. On the addition of 1 c.c. of 10% aqueous 
ferric chloride, the glyceraldehyde solution showed a deeper red 
coloration than did the glucose solution, and therefore apparently 
contained a higher percentage of the enolic form. A quantitative 
estimation was then made with the colorimeter: 1% Aqueous 
solutions of glucose and glyceraldehyde were used; 2 c.c. of each 
were kept for 10 minutes at 38° with 7 c.c. of N/10-sodium hydroxide. 
To each was added 1 c.c. of 0:1% aqueous ferric chloride, and the 
solutions were cooled to room temperature. 

The readings on the colorimetric scale were 1-46 and 1-15 for 
glucose and glyceraldehyde, respectively. Hence, the ratio of enol 
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in glyceraldehyde to that in glucose = 1-27:1. Similar results 
were obtained with several different preparations. 

Refractometric Measurements—Readings were taken with a 
Pulfrich refractometer at 20° with sodium light. The following 
solutions were prepared : 


(a) Neutral solution. 2 C.c. of 1% glucose solution were warmed 
at 38° for 5 minutes with a mixture of 2 c.c. of N/10-hydrochloric 
acid and 2 c.c. of N/10-sodium hydroxide, and cooled to room 
temperature. 

(b) Acid treatment. As in (a), but the alkali was not added until 
after the cooling. 

(c) Alkali treatment. As in (a), but the acid was omitted until 
after the cooling. 

(d) A 1% aqueous solution of glucose, as a standard. 


Solutions similar to (a), (b), (c), and (d) were prepared with glycer- 
aldehyde. The readings obtained show that there is a decrease of 
2’ in the angle of refraction of both glucose and glyceraldehyde in 
alkaline solution, indicating the production of an unsaturated form. 
These results were confirmed on several occasions with different 
preparations. 


Nature of solution. Glucose. Glyceraldehyde. 
CE IIR ER TR) wnveccccesccccscsnesssesese 67° 2’ 67° 2’ 
| 67° 9 67° 8’ 
SP MENTED crccrvanscesesovesescorsssoncsens 67° 9’ 67° 8’ 
eB TTD ccurecvetivccesencscecosssoeuns 67° 7’ 67° 6’ 


There is no change in the refractive index of the glyceraldehyde 
solution after standing for one month. 

From (d) the refractive index for a 1% solution = 1-33412, 
whereas that for water is 1-33311 under the same conditions. Hence 
[Rr]p = 19-2 (calc. for C,H,O,: 19-14; for enolic form: 20-08), 
showing that in aqueous solution no appreciable amount of the 
enolic form exists, a fact which is substantiated in that ferric 
chloride gives no coloration. 

Bromine Titration for Estimation of the Enol.—A suspension of 
glyceraldehyde in chloroform slowly decolorises a cold solution of 
bromine in the same solvent. An alcoholic solution of glyceralde- 
hyde rapidly decolorises alcoholic bromine at —7°. 

The bromine titration was carried out as follows: A solution of 
0-1 g. of glyceraldehyde in 250 c.c. of absolute alcohol was cooled 
in ice and salt for $ hour. Ice-cold N/10-alcoholic bromine solution 
was run in slowly from a burette until the yellow colour of the 
bromine just persisted (10—12 c.c. usually); 2—3 c.c. of a 10% 
alcoholic solution of @-naphthol, freshly prepared, were added to 
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remove the excess of bromine, followed by 15 c.c. of 10% potassium 
jodide solution, and the mixture was boiled on the water-bath for 
10 minutes. The resulting pale yellow solution was cooled and 
titrated against NV /100-sodium thiosulphate (usually 1—2 c.c.). The 
average of four experiments gave enol = 0-54%. 

An alcoholic solution of the syrup from which the solid glycer- 
aldehyde was obtained readily decolorised alcoholic bromine 
solution. Bromine titrations on this syrup (0-1 g. in 50 c.c. of 
absolute alcohol) gave 5-7°% of enol (mean of four experiments). 

These results show that, although the crystalline form of glycer- 
aldehyde is contaminated with a little enol, the syrup from which 
the crystals are obtained contains ten times as much. 


The author expresses his thanks to the Royal Society for a grant 
which has partly defrayed the cost, also to Dr. R. H. Pickard, 
F.R.S., in whose laboratory the acraldehyde was prepared, to Pro- 
fessor W. N. Haworth for his interest, and to Dr. J. A. Hewitt for 
suggesting the work and for advice throughout its progress. 
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CCCXXXII.—EHxamples of Feeble Activation of Certain 
Extended Conjugated Systems by Doubly Bound 
Oxygen. 


By Roxsert Rospinson and AuMAD ZAKI. 


ALTHOUGH it has recently been shown (Moore and Tucker, J. Amer. 
Chem. Soc., 1927, 49, 258) that one of the products of the sulphon- 
ation of cinnamic acid is the m-derivative, there is a mass of evidence 
demonstrating the op-orienting influence of ethenoid and benzenoid 
groups. It is therefore surprising to find this contested by Baker 
and Wilson (this vol., p. 843), especially on the basis of the facts 
summarised in the scheme below dealing with the results of nitration 
experiments. 


Ph-CH:CH-NO, Ph:CH,*CH,-NO, 
(meta, 2%) (meta, 13%) 
Ph-C(NO,):CH-C,H,-NO, Ph:CH,:NO, 
(meta, 21%) ‘ (meta, 50%) 


The first three cases are quoted by Baker and Wilson, and instead 
of phenylnitromethane they mention its dimethyl derivative, 
Ph:CMe,:NO, (meta, 29%). This comparison is not just, because 
the electron displacement due to the methyl groups must, in accord- 


ance with the theory of Allan, Oxford, Robinson, and Smith (J., 
4P 
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1926, 401) (adopted by Baker and Wilson), have an op-orienting 
effect. Again the nitroxyl group in the p-nitrobenzylidenephenyl. 
nitromethane should have a weak m-directive influence. The 
disparity, 21—29, in itself indicates the op-influence of the un. 
saturated group, whilst the disparity 21—50 demonstrates it. 
The argument may be stated as follows. The substitution of 
nitroxyl for hydrogen in toluene and in the corresponding 
position in nitrostilbene produces a much smaller change in the 
direction of m-orientation in the latter case. Therefore the op- 
directive power of -CH:CH-C,H,:NO, is greater than that of -CH,. 
Thus the actual evidence put forward by Baker and Wilson leads 
to a conclusion diametrically opposed to that which they draw. 

The view advanced by Baker and Wilson is that the effect of 
the positive change of the nitro-group in w-nitrostyrene may con- 
ceivably be neutralised in the adjustable electric field of the un- 
saturated centre. Unless the whole unsaturated group has a real 
net negative charge, this does not appeal as sound electrostatics; 
and if it has a negative charge, as the result of interaction with 
the surroundings, then ipso facto it would be op-directive. The 
op-directive effect of unsaturated groups may be deduced, not 
only from such widespread phenomena as the op-substitution of 
diphenyl and derivatives, but also indirectly from the increased 
reactivity of conjugated unsaturated substances in certain direc- 
tions and especially towards kationoid reagents (compare, for 
example, K. Meyer and Schoeller, Ber., 1919, 52, 1468, on the 
preparation of an azo-derivative of dimethylbutadiene). An 
interesting example of op-direction by an unsaturated group was 
encountered a few years ago by Miss Margaret D. Scott Murray 
(University of St. Andrews), who nitrated ethyl benzylidenecyano- 
acetate in sulphuric acid solution at — 5° to — 10° by means of 
potassium nitrate (5 mols.). The o- and p-nitro-derivatives were 
alone isolated, although not in good yield, and identified by 
comparison with authentic specimens. 

Our view of the cause of the op-substitution of cinnamic acid 
and similar substances is that it is due to the butadienoid-type 
conjugation of the unsaturated centre with the nucleus as shown 
in the expression (I). 


We tile aa 
(I.) {'R-eo- CG y—c=0—-c=6 (I1.) 
2 


The crotonoid, conjugated polarisation shown in (II) will doubtless 
exist in certain phases of the molecule, but should not lead to 
m-substitution, because in these phases the reaction velocity is 
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greatly diminished as the result of the positive field over the nucleus, 
the reagent being kationoid. If the conjugated polarisation were 
permanent and pronounced, the condition (I) might never be 
realised, but there is reason to believe that the degree of activation 
and coherence of all such systems is small. An excellent example 
is that of m-nitrotoluene, in the further nitration of which the 
methyl group is able to take complete control (Vorlander has 
shown that the same conditions obtain in quaternary salts derived 
from m-toluidine). Here the methyl group initiates a process 
favouring reaction, whilst the effect of the nitroxyl is to diminish 
the reaction velocity, and although the charges associated with 
the nitroxyl are generally supposed to be much greater than those 
appearing as the result of the small electron displacement caused 
by the methyl group, yet it is obvious that phases must occur in 
which the latter can be effective. The positive field due to the 
nitroxyl is thus considered to undergo variations; whilst it is 
considerable over the nucleus, nothing happens, but when, prob- 
ably as the result of the approach of other charges, the shadow 
lifts, the molecule becomes, momentarily, equivalent to one of 
toluene, and substitution in the o- and p-positions with respect to 
the methyl group occurs rapidly. An analogous conception applies 
to systems like those of phenylnitromethane (with two obvious 
modifications), «-nitrostyrene and cinnamic acid. The weak 
coherence of the unsaturated units (C—C, C—O, N—O, C=N, 
etc.) in the crotonoid and semi-crotonoid systems is obviously 
better demonstrated by the occasional failure to exhibit their 
characteristic properties than by the absence of an anticipated 
inhibitory effect as in the examples discussed above. We suspect 
that activation of a mixed system comprising the characteristic 
group (CO, NO,, etc.), an aromatic unsaturated group including 
an even number of carbon atoms, and an ethenoid group is always 
feeble and have investigated this in three directions. The behaviour 
of the chlorine atom of o- and p-nitrochlorobenzene, which is 
replaceable by anions, is simulated by that of o-chlorobenzaldehyde 
and o-chlorobenzoic acid. We have tested the degree of reactivity 


me OED KY 


(III.) (IV.) (V.) 


of the chlorine atom in the system (III) by attempting a con- 
densation with ammonia which might give a quinoline derivative. 
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This is a stringent test, in view of the facility with which the quin. 
oline ring may be constructed, but it gave entirely negative results 
under varied conditions with o-chlorobenzylideneacetophenone and 
ethyl o-chlorobenzylidenecyanoacetate. In the case of o-chloro. 
benzylidenediketohydrindene (IV), a greater reactivity would be 
expected owing to the existence of the two carbonyl groups and 
it was indeed found possible to convert the substance into the 
ketoindenoquinoline (V), although in very small yield. 


OMe 


Cl NO, NO, 
~— < Deuica¢ No, < dcuica¢ No, rm 


Similar inactivity has been noted in the stilbene derivatives (VI) 
and (VII); the former does not react with p-toluidine as 2: 4-di- 
nitrochlorobenzene does, and the latter, unlike 2 : 4-dinitroanisole, 
is resistant to hydrolytic agents. The inactivity of 1 : 5-dinitro- 
naphthalene, of 2 : 2’-dinitrodiphenyl, and of 2: 2’-dichloro-6 : 6’- 
dinitro-4 : 4’-ditolyl towards methyl-alcoholic ammonia at 150° 
(Burton and Kenner, J., 1922, 124, 495) also exemplifies the pheno- 
menon of limited conjugation. Finally, 6-nitroisosafrole (VIII) 
has been prepared and we find that the methyl group in it is relatively 
inert, because an anhydrocotarninenitroisosafrole could not be 
obtained, although 6-nitrohomoveratrole (IX) is readily converted 
into anhydrocotarninenitrohomoveratrole (Robinson and Robinson, 
J., 1914, 105, 1456). 


(VIIL.) aot em Me NO, (IX.) 


In this case, the dissociating semi-crotonoid system, which the 
molecule formally contains, does not function. 


EXPERIMENTAL. 


Phenyl 2-chlorostyryl ketone did not yield a quinoline derivative 
and was recovered unchanged after heating with alcoholic urea and 
copper powder at 200°, or after boiling with aniline and copper 
powder. Ethyl 2-chloro-«-cyanocinnamate behaved similarly. 

2-0-Chlorobenzylidene-| : 3-diketohydrindene (IV).—o-Chlorobenz- 
aldehyde and diketohydrindene in molecular proportion were 
heated together at 120°; the product, obtained in excellent yield, 
crystallised from alcohol in yellow, prismatic needles, m. p. 130— 
131° (Found: C, 71:3; H, 3-4. C,gH,O,Cl requires C, 71-5; H, 
33%). This diketone (2-9 g.), mixed with urea (1 g.), 95% alcohol 
(5 c.c.), copper powder (0-25 g.), and a trace of cupric chloride, 
was heated in a sealed tube at 240—250° for 14 hours. On working 
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up the products from three such experiments, 100 mg. of a weak, 
yellow base, crystallising from alcohol, were obtained. The sub- 
stance had m. p. 172—173°, and mixed with ketoindenoquinoline 
(m. p. 176°; Noelting and Blum, Ber., 1901, 34, 2470) it melted 
at 174—175°. The substance could not be obtained at all in 
experiments made under less drastic conditions and the degree 
of lability of the halogen in the chlorobenzylideneindandione is 
evidently negligible. 

2'-Chloro-2 : 4-dinitrostilbene (VI).—A mixture of 2: 4-dinitro- 
toluene (52 g.), o-chlorobenzaldehyde (40 g.), and piperidine (5 c.c.) 
was heated on the steam-bath until it set to a solid mass. The 
product was broken up and boiled with alcohol, the mixture cooled, 
and the solid isolated. The substance crystallised from alcohol in 
slender, lemon-yellow needles or from ethyl acetate in bright 
yellow, prismatic needles, m. p. 174°, that reflect light of many 
colours (Found: N, 9-4. C,,H,O,N,Cl requires N, 9:2%). This 
stilbene derivative is sparingly soluble in most organic solvents 
and is most easily crystallised in quantity from acetic acid or by 
the addition of alcohol to asolution in nitrobenzene. The reactivity 
of the chlorine atom could not be demonstrated, the substance 
being recovered unchanged after prolonged boiling with alcoholic 
p-toluidine or after heating with alcoholic ammonia at 100° for 
several hours. Its hot solution in piperidine is brownish-yellow 
and becomes green on cooling ; if alcohol is added to the hot solution, 
a copious separation of unchanged material occurs. 

2 : 4-Dinitro-2'-methoxystilbene (VII).—The preparation was like 
that just described and the product crystallised from acetone in 
reddish-orange, stout, prismatic needles, m. p. 176° (Found: N, 
95. C,;H,.0O;N, requires N, 93%). This substance is more 
sparingly soluble in most solvents than the chlorodinitrostilbene ; 
its solutions are yellow and deposit orange needles on cooling. 
All attempts to replace the methoxy-group by NH,, NHR, or NR,, 
and also to hydrolyse the substance by boiling aqueous and aqueous- 
alcoholic alkalis, were fruitless. 

6-Nitroisosafrole (VIII).—Bromodihydrosafrole, b. p. 160°/16 mm., 
is a heavy, almost colourless oil which was obtained by the action 
of hydrobromic acid (saturated at 0°) on an equal weight of safrole. 
On heating with aniline, it yields isosafrole unmixed with safrole. 
Since isosafrole could not be directly nitrated, the safrole hydro- 
bromide was nitrated and nitroisosafrole obtained from the product. 
Bromodihydrosafrole (20 g.) dissolved in acetic acid (120 c.c.) was 
nitrated by the gradual addition, with cooling, of a mixture of 
nitric acid (30 c.c.; d 1-42) and acetic acid (30 c.c.). The product 
was isolated by means of ether after 20 minutes and boiled for 
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5 minutes with alcohol (100 c.c.) containing potassium hydroxide 
(10 g.). The solid then precipitated by water crystallised from 
aqueous methyl alcohol in lemon-yellow needles, m. p. 88° (Found: 
C, 58:2; H, 44; N, 7-0. C,,H,O,N requires C, 58-0; H, 43; 
N,6-8%). The substance is readily soluble in most organic solvents, 
giving yellow solutions, and in sulphuric acid, from the bright red 
solution in which it is not recovered unchanged. It yields 6-nitro- 
piperonal, recognised by the preparation of its phenylhydrazone, 
on oxidation with sodium dichromate and hot dilute sulphuric acid. 
Experiments on the condensation of this substance with ethyl 
oxalate in presence of alcoholic potassium ethoxide gave ambiguous 
results; no definite product was isolated. On the other hand, 
condensation with cotarnine in ethyl-alcoholic solution containing 
sodium ethoxide did not occur at all. 

6-Aminoisosafrole.—Nitroisosafrole (6 g.) mixed with tin (15 g.) 
and concentrated hydrochloric acid (35 ¢.c.) was heated on the 
steam-bath until reduction was complete. The amine was extracted 
by ether and isolated as its very sparingly soluble hydrochloride. 
The regenerated base crystallised from light petroleum in colourless 
needles, m. p. 68—69° (Found: C, 67:5; H, 6-2. C, 9H,,0,N 
requires C, 67:8; H,6-2%). Itis readily soluble in organic solvents, 
and may be diazotised and thereafter coupled with 8-naphthol to 
give a crimson azo-derivative. The hydrochloride separates from 
hot water in colourless needles. Acetamidoisosafrole crystallises 
from alcohol in slender, colourless needles, m. p. 206°, and yields 
an oily dibromide which is converted into 5 : 6-methylenedioxy- 
2-methylindole by treatment with alcoholic potassium hydroxide 
(compare Foulds and Robinson, J., 1914, 105, 1967). 
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CCCXX XITI.—Derivatives of Orcinol. Part I. 
By Epmunp LaneLey Hirst. 


Iv has become apparent, during investigations which are now in 
progress into the structure of certain members of the group of 
lichen acids, that special importance must be attached to the 
isomeric orcylaldehyde monomethyl ethers as intermediate sub- 
stances in synthetic work. It was therefore deemed advisable as 
a preliminary step to obtain further and more definite chemical 
evidence concerning the orientation of these two isomerides. This 
was effected by studying the condensation products of the two 
methylated aldehydes with acetophenone and with simple sub- 
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stituted derivatives of acetophenone. Under the appropriate 
conditions, orcylaldehyde 5-methyl ether (I) would be expected to 
yield pyrylium salts directly, in the same manner as does resorcyl- 
aldehyde (compare Perkin and Robinson, P., 1907, 19, 149; Decker 
and von Fellenberg, Ber., 1907, 40, 3815), whereas the isomeric 
3-methyl ether (II) could not do so. When the experiment was 
made, the orcylaldehyde monomethyl ether (m. p. 188°) described 
by Gattermann (Annalen, 1907, 357, 346) failed to yield a pyrylium 
salt either with acetophenone or with acetylanisole, whilst with the 
latter reagent in the presence of alkali it gave the unsaturated 
ketone (III), which did not give a pyrylium salt until demethylation 
had been effected by means of hydriodic acid. 

The orientation of the original substance as orcylaldehyde 
3-methyl ether (4-hydroxy-2-methoxy-6-methylbenzaldehyde), 
which was previously proposed by Gattermann, is thus confirmed. 
On the other hand, the isomeric orcylaldehyde monomethyl ether 
(everninaldehyde; Hoesch, Ber., 1913, 46, 886) readily formed 
pyrylium salts when condensed with acetophenone in an acid 
medium and it must accordingly be orcylaldehyde 5-methy] ether (I). 


OMe 
MeO OH HO OMe HO OMe 
(I.) Oz: (II.) HO (III.) 
Me Me Me CH:CH:CO 
x 
_ 
O O O 
es YL 
V4 \ 
(IV.) Me yy (V.) 
FeCl, 
— 
O O 
(VI) mS Y/ \ yh (WIE. 
WY 
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Amongst the compounds investigated, the 4’ : 7-dimethoxy-2- 
phenyl-5-methylbenzopyrylium salts (IV) obtained from evernin- 
aldehyde and acetylanisole were rémarkable for their exceedingly 
intense powers of fluorescence; qualitative comparisons of pyrylium 
salts from the two orcylaldehyde monomethyl ethers and from 
orcylaldehyde indicated that the greatly enhanced fluorescent 
activity of the 4’ : 7-dimethoxy-compounds is connected with the 
simultaneous presence of the two methoxy-groups in the molecule, 
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The properties and behaviour of all the compounds examined were 
strictly normal and comparable with those of pyrylium salts pre. 
pared from resorcylaldehyde or similar substances. Details will be 
found in the experimental section. 

Attempts to prepare the bases corresponding to these pyrylium 
salts led in each case to the isolation of the anhydro-base. Very 
few of these compounds have hitherto been examined in detail on 
account of the difficulty experienced in obtaining them in a crystal- 
line condition, and in the present work only one anhydro-base has 
been made to crystallise : 7-hydroxy-2-phenyl-5-methylbenzopyrylium 
chloride gave with sodium acetate a red base (V) which could be 
crystallised (although with difficulty) from its solution in benzene. 
A study of its properties showed that it was a normal example of 
a base of the anhydronium type. Thus it formed, when heated 
with methyl sulphate, a salt of 7-methoxy-2-phenyl-5-methylbenzo- 
pyrylium hydroxide, which was identified by direct comparison of 
the corresponding ferrichloride (VI) with an authentic specimen. A 
similar transformation of the anhydro-base by reaction with methyl 
iodide could not be effected, the failure being due in all probability 
to the insoluble nature of the base. The reaction with methyl 
sulphate renders the base directly comparable with the compound 
(VII) which was isolated in a crystalline condition by Armit and 
Robinson (J., 1925, 127, 1604), and the discovery of this further 
example provides additional experimental evidence in support of 
the views of these authors regarding the structure of anhydronium 
bases. 

Further evidence in support of the constitutional formule 
assigned to the orcylaldehyde monomethy] ethers has been obtained 
by connecting the present series of experiments with the work of 
Fischer and Hoesch (Annalen, 1912, 391, 347) on the partly methyl- 
ated orsellinic acids. This was accomplished by preparing from 
orcylaldehyde 3-methyl ether the corresponding carbomethoxy- 
derivative, 5-methylcarbonaio-orcylaldehyde 3-methyl ether (5-methyl- 
carbonato-3-methoxy-o-tolualdehyde). This substance was oxidised 
in neutral solution by potassium permanganate to give 5-methyl- 
carbonato-3-methoxy-o-toluic acid (5-methylcarbonato-orsellinic 
acid 3-methyl ether), which had been prepared directly from 
orsellinic acid by Fischer and Hoesch (loc. cit.). 

5-Methylcarbonato-orcylaldehyde 3-methyl ether is a photo- 
tropic substance, turning deep yellow when exposed to light for a 
few hours and becoming colourless again in the dark. 

The action of alkali on 5-methylcarbonato-orsellinic acid 3-methyl 
ether led to the formation of orsellinic acid 3-methyl ether. The 
alternative formule suggested by Perkin and Everest (‘‘ The 
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Natural Organic Colouring Matters,” 1918, pp. 549 and 551) for 
ramalic acid (one of the commoner lichen acids) require, in the form 
in which they are printed, that orsellinic acid 3-methyl ether should 
be one of the products formed on hydrolysis. But it was found 
by Hesse (J. pr. Chem., 1898, 57, 253; compare Perkin and Everest, 
op. cit.) that everninic acid and not orsellinic acid 3-methyl ether is 
obtained when ramalic acid is hydrolysed. In view of Fischer’s 
work on evernic acid (Ber., 1913, 46, 3253; 1914, 47, 505), which 
fixes its structure by relating it to lecanoric acid (Fischer and Fischer, 
Ber., 1913, 46, 1138), the alternative formule possible for ramalic 
acid should therefore be (VIIT) and (IX). Experiments are now in 
progress by means of which it is hoped to be able to make a decision 
between the two. 


Me OH Me OMe 
BOO, > HO >—Co—0— 
H HO,C Me OH HO,0 Me 
(VIII.) (IX.) 


ExPERIMENTAL. 


Pyrylium Salts from Orcylaldehyde.—(a) Orcylaldehyde (2 g.; 
prepared from orcinol by Gattermann’s method, loc. cit.) and aceto- 
phenone (2 g.) were condensed in methyl-alcoholic solution (10 c.c.) 
by saturating the cold mixture with dry hydrogen chloride. The 
crystalline precipitate that appeared after a few minutes (yield, 
almost quantitative) was washed with a little methyl alcohol and 
recrystallised from hot water containing a little hydrochloric acid, 
T-hydroxy-2-phenyl-5-methylbenzopyrylium chloride being obtained in 
long, yellow needles, m. p. 206° (decomp.) after darkening at 170°. 
The perchlorate (orange, rectangular prisms, m. p. indefinite but 
below 245°), iodide (red, rectangular prisms, m. p. 225° decomp.), 
mercurichloride (golden needles, m. p. 229—230° decomp.), and 
ferrichloride (golden-brown needles, m. p. 147—148° decomp. 
Found: C, 44:0; H, 3:3. C,,H,,0,Cl,Fe requires C, 44:1; H, 
30%) were prepared from the chloride by the usual methods. 
The behaviour of all the salts was normal. The chloride showed 
no fluorescence in methyl alcohol, but gave an apple-green fluor- 
escence with sulphuric acid. 

The corresponding anhydro-base (V) was precipitated by sodium 
acetate from a hot solution of the chloride in water. It was 
obtained crystalline on very slow evaporation of its solution in 
benzene, as dark red needles, which sintered and melted with decomp. 
at 156—165° (Found : C, 81-4; H, 5-5. C,,H,,0, requires C, 81-4; 
H, 5-1%). The base was very slightly soluble in water and showed 

4p2 
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a slight fluorescence in methyl alcohol. Boiling hydrochloric acid 
regenerated the chloride (m. p. 206°). The dry base did not react 
with methyl iodide in boiling benzene. When, however, the base 
was heated for 2 hours at 120° with an excess of freshly distilled 
methyl sulphate, reaction ensued and on addition of a mixture of 
hot water and hydrochloric acid, saturated with ferric chloride, 
7-methoxy-2-phenyl-5-methylbenzopyrylium ferrichloride was precipit- 
ated. This crystallised from acetic acid in golden-yellow, rect- 
angular plates or needles, m. p. 181° (decomp.), and was identified 
by direct comparison with an authentic specimen (see below) 
(Found: C, 45-5; H, 3-6. C,,H,,0,Cl,Fe requires C, 45-4; H, 
33%). 

(b) Orcylaldehyde and acetylanisole gave in good yield, under 
conditions similar to the above, 7-hydroxy-4'-methoxy-2-phenyl- 
5-methylbenzopyrylium chloride. This was insoluble in dilute hydro- 
chloric acid and crystallised from methyl alcohol-dilute hydro. 
chloric acid in red needles, m. p. 242—243° (decomp.) after darken- 
ing at 225° (Found: C, 61-6; H, 5-7. C,,H,,0,C1,1$H,O requires 
C, 61:9; H, 55%). The iodide (microscopic, red prisms, m. p. 
235—236° decomp.) was insoluble in all the solvents tried, whereas 
the ferrichloride (yellow needles or elongated plates, m. p. 149— 
150° decomp.) was much more readily soluble in acetic acid than 
the corresponding 7-hydroxy-2-phenyl-5-methylbenzopyrylium 
ferrichloride. The chloride fluoresced strongly in sulphuric acid 
and in methyl alcohol and weakly in water and in acetic acid. 

Pyrylium Salis from Everninaldehyde (Orcylaldehyde 5-Methyl 
Ether).—Hoesch’s orcylaldehyde monomethyl ether (everninalde- 
hyde, Ber., 1913, 46, 886) (2 g.) was dissolved in methyl alcohol 
(10 c.c.) containing acetophenone (2 g.), and dry hydrogen chloride 
was passed into the cooled solution. A brown, crystalline precipitate 
(2-5 g.) separated after a few minutes. This was filtered off, washed 
with cold methyl alcohol, and recrystallised from hot dilute hydro- 
chloric acid, thus giving needles, m. p. 173—174° (decomp.), of 
7-methoxy-2-phenyl-5-methylbenzopyrylium chloride containing 1} 
molecules of water of crystallisation (Found: C, 65:3; H, 6:05. 
C,,H,,0,C1,1$H,O requires C, 65-1; H, 5-8%). The iodide (red, 
microscopic needles, m. p. 191—192° decomp.) and the ferrichloride 
(needles or rectangular plates from acetic acid; m. p. 181—182° 
decomp., after softening at 177°) were prepared in the usual way 
from the chloride. All the salts gave an intense apple-green fluor- 
escence in water, methyl alcohol, or sulphuric acid. 

Everninaldehyde, when condensed in a similar manner with 
acetylanisole, gave 4’ : 7-dimethory-2-phenyl-5-methylbenzopyrylium 
chloride, which crystallised from dilute hydrochloric acid in light 
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red needles, m. p. 214—215° (decomp.) (Found: C, 62-9; H, 5-9. 
C,gH170,C1,1$H,O requires C, 62-8; H, 58%). The ferrichloride 
crystallised from acetic acid in yellow needles, m. p. 177° (decomp.). 
The chloride and the ferrichloride gave a very intense apple-green 
fluorescence in all solvents. 

Condensation of Orcylaldehyde 3-Methyl Ether with Acetylanisole.— 
When Gattermann’s orcylaldehyde 3-methyl ether (m. p. 188°) 
(2 g.), acetylanisole (1-9 g.), and potassium hydroxide (2 g. in 3 c.c. 
of water) were heated on the water-bath for 34 hours in methyl- 
alcoholic solution (20 c.c.), condensation occurred to give p-anisyl 
4-hydroxy-2-methoxy-6-methylstyryl ketone (III). Addition of water 
then gave an oil (decomposition products) and from the decanted 
liquor, on cooling, crystals of the ketone separated in yellow needles, 
m. p. 194—195° (Found: C, 648; H, 6-5. C,,H,,0,,2H,O 
requires C, 64-7; H, 66%). The action of hydriodic acid on this 
substance led to demethylation followed by condensation to a 
pyrylium salt which showed an intense green fluorescence in con- 
centrated sulphuric acid. 

5-Methylearbonato-orcylaldehyde 3-Methyl Hther—Orcylaldehyde 
3-methyl ether (5 g.) was dissolved in 50 c.c. of acetone and treated 
with methyl chloroformate (4 c.c.). The solution was cooled in 
ice and shaken vigorously during the addition of 60 c.c. of N-sodium 
hydroxide. An oil separated which was washed several times with 
cold water and soon solidified. This material crystallised from 
dilute acetone in long, colourless, phototropic needles, m. p. 80—81° 
(Found: C, 58-8; H, 5-2. C,,H,,0, requires C, 58-9; H, 54%). 

5-Methylcarbonato-orcylaldehyde 3-methyl ether (5 g.) dissolved 
in acetone (25 c.c.) was treated gradually with a solution of potassium 
permanganate (6 g. in 100 c.c. of water containing 5 g. of crystallised 
magnesium sulphate), the temperature being maintained at 45°, 
The precipitated oxides of manganese were then removed by means 
of sulphur dioxide in the usual way. A quantity of oil separated 
from the clear solution, followed by a slow crystallisation of 5-methyl- 
carbonato-orsellinic acid 3-methyl ether. Recrystallisation from 
ligroin-ethyl acetate gave the pure compound in colourless needles, 
m. p. 144° (yield, 2 g.). This substance yielded orsellinic acid 
3-methyl ether when hydrolysed by Fischer and Hoesch’s method 
(loc. cit.). 

UNIVERSITIES OF MANCHESTER AND 
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CCCXXXIV.—The Nature of the Supposed 
Dimethiodide of Trimethylene Sulphide. 


By GrorcE MacponaLD BENNETT and ALFRED Lovis Hock, 


In reviewing the organic compounds of nitrogen and sulphur from 
the point of view of the octet theory, Langmuir (J. Amer. Chem. 
Soc., 1920, 42, 274) mentioned the dimethiodide of trimethylene 
sulphide (Grischkevitsch-Trochimovski, J. Russ. Phys. Chem. Soc., 
1916, 48, 880) as the only substance known of the type [SR,]L,, 
the sulphur atom forming the centre of a positive bivalent ion. 
Although this compound can be satisfactorily formulated in accord- 
ance with the electronic theory of valency, no reason was apparent 
why this (together with the corresponding derivative of 2-methy]- 
tetramethylene sulphide) should have been the only dimethiodide 
of a sulphide to be isolated. We thought it desirable, therefore, 
to examine the substance in greater detail and to prepare other 
salts derived from this novel type of ion. 

In the course of these experiments, we have found that the 


CH Me 
substance does not possess the structure | CHy< GHP >S<iy lh 


attributed to it. It was stated explicitly by Grischkevitsch-Trochi- 
movski that the two atoms of iodine in the molecule of the com- 
pound are equally ionic, but we were led to doubt this by the 
observation that only half the iodine is immediately precipitated 
by silver nitrate in cold aqueous solution, the rest being thrown 
down when the solution is boiled. This indicates the presence in 
the molecule of one atom of iodine in the ionic condition and a 
second atom highly reactive but not actually ionised. In agreement 
with this view, a solution of the supposed dimethiodide, after being 
shaken with an excess of silver chloride, yielded a chloroplatinate, 
[CH,I-CH,°CH,*SMe,],PtCl,, and a chloroaurate, 
[CH,I-CH,°CH,’SMe,]AuCl,, 
each with iodine still present in the molecule. 

The compound produced by the addition of methyl iodide to 
trimethylene sulphide is therefore dimethyl-y-iodopropylsulphonium 
iodide. Its formation is readily interpreted as due to reversible 
sulphonium salt formation (compare Bell, Bennett, and Hock, this 
vol., p. 1803). The strain in the four-membered ring will cause the 
monomethiodide, which must presumably be first formed, to pass 
over by intramolecular dissociation into methyl +-iodopropyl 
sulphide, which will then combine with a second molecular pro- 
portion of methyl iodide : 
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(,H,S + MeI—> | CH < Gp >SMe | I—>CH,I-CH,-CH,’SMe—> 
[C,H ,I*SMe,]I. 

Independent confirmation of the structure of the compound in 
question has also been obtained by synthesis. Methyl y-hydroxy- 
propyl sulphide, prepared by methylating y-hydroxypropyl mer- 
captan (Rojahn and Lemme, Arch. Pharm., 1925, 263, 612), yielded 
an oily methiodide which reacted rapidly with hydrogen iodide to 
yield dimethyl-y-iodopropylsulphonium iodide, identical with the 
supposed dimethiodide of trimethylene sulphide. 

It follows also that the “ dimethiodide ”’ of 2-methyltrimethylene 
sulphide is either dimethyl-y-iodo-«-methylpropylsulphonium iodide 
or dimethyl-y-iodo-n-butylsulphonium iodide. 

There is thus no reason to believe that a dimethiodide of a sulphide 
can exist. Although the electronic formula of such a substance 


would be analogous to that of a sulphone, RS<O. the relative 
+ 


difficulty of formation of the former is easily understood. The 
conversion of a methiodide into a dimethiodide would be opposed 
by a large force, since it would involve the addition of a second 
equal charge to a sulphur atom already bearing a full free positive 
charge. This force must prevent the formation of a dimethiodide 
of a monosulphide, for similar forces make the addition of a second 
molecule of methyl iodide difficult or impossible even in the case 
of such substances as 1 : 4-dithian and pyrazine, where there are 
present in the molecule two distinct atoms of sulphur or nitrogen 
at which addition might occur. The relative ease with which a 
sulphoxide is converted into a sulphone, on the other hand, results 
from the diminution in these compounds of the field due to each 
positive charge by the influence of the free negative charge on the 
adjacent oxygen atom. 


EXPERIMENTAL. 

Preparation of Trimethylene Sulphide——An improved yield of 
trimethylene sulphide was obtained thus: A solution of sodium 
sulphide (80 g. of the hydrate) in water (80 c.c.) and alcohol (100 c.c.) 
was divided into unequal portions, one-third being boiled in a flask 
under reflux whilst the remaining two-thirds and trimethylene di- 
bromide (50 g.) were simultaneously introduced from dropping- 
funnels over a period of 4 hour. The mixture was boiled for a 
further 4 hour, cooled, diluted, and extracted with ether (5 times). 
The ethereal solution was dried, and distilled through a Widmer 
column (the sulphide being volatile with ether) (Yield: 7—9 g.). 
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_ The dimethiodide, produced by keeping a mixture of the sulphide 
and an excess of methyl iodide for 24 hours, crystallised well from 
absolute ethyl alcohol; m. p. 97—98° (Found: I, 70-4. Calc.: 
I, 70:9%). The proportion of iodine found by precipitation with 
an excess of silver nitrate in cold aqueous solution was 33-3, 33:6, 
and 41-6% after 5, 15, and 120 minutes, respectively, whilst rapid 
titration gave a mean value of 33-3% (Calc. for one atom of iodine 
per molecule, 35-4%). 

Action of Silver Chloride on the Iodide.—The iodide (1-7 g.) dis- 
solved in cold water (25 c.c.) was shaken with freshly precipitated 
silver chloride (2 mols.) for 15 minutes, and the solution filtered. 
Addition of platinic chloride then precipitated a chloroplatinate, as 
an ochre-coloured powder which evolved much iodine on heating 
(Found: Pt, 22-7, 22-3. C, H,,ClgI,S,Pt requires Pt, 22-4%), and 
of auric chloride a chloroaurate, as a canary-yellow powder which 
evolved much iodine on ignition (Found: Au, 34:5. C,;H,,Cl,ISAu 
requires Au, 34:6%). 

Attempts to isolate a crystalline picrate, mercuri-iodide, or oxalate 
were unsuccessful. 

Action of Dimethylaniline on the Iodide.—When the iodide was 
heated at 100° with dimethylaniline (1 equiv. or more), a good 
yield of dimethylaniline methiodide, m. p. 215—217° (decomp.), 
was obtained (Found: I, 48-2. Cale.: I, 48-3%). 

Synthesis of Dimethyl-y-iodopropylsulphonium Iodide.—y-Hydr- 
oxypropyl mercaptan (27 g.) was methylated by dissolving it in 
alkali (35 g. of sodium hydroxide in 150 c.c. of water) and adding 
methyl sulphate (44 g.). The mixture was heated at 100° for 
1 hour, cooled, acidified with acetic acid, and extracted with ether. 
The extract was dried, evaporated, and finally fractionated under 
diminished pressure. Methyl y-hydroxypropyl sulphide was thus 
obtained as a colourless oil, b. p. 102°/24 mm., dz” (vac.) 1-030 
(Found: C, 45°05; H, 9-4. C,H,,OS requires C, 45:3; H, 9:4%). 
When this substance was dissolved in an excess of methyl iodide, 
heat was developed and an oil began at once to separate. After 
6 hours, the excess of methyl iodide was decanted from the crude 
dimethyl-y-hydroxypropylsulphonium iodide, which was not further 
purified. It was covered with dry xylene and dry hydrogen iodide 
was passed in at 100° for a short time. The xylene was then 
decanted, and the residue, when inoculated with a trace of the 
“‘dimethiodide” of trimethylene sulphide, crystallised at once. 
After crystallisation from alcohol, dimethyl-y-iodopropylsulphonium 
iodide was obtained in colourless needles of m. p. 97-5°, not depressed 
by admixture of the “ dimethiodide” of trimethylene sulphide 
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(Found: by precipitation in cold solution, I, 32-2; in boiling 
solution, 70-4. Calc.: I, 70-9%). 


The authors wish to express their thanks to Mr. G. A. Birkett 
for translating the Russian memoir on which this work was based. 
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CCCX XX V.—10-Chloro-5 : 10-dihydrophenarsazine and 
its Derivatives. Part V. The General Method of 
Synthesis and Determination of Constitution. 


By CHarLes STANLEY Grsson and JoHN DoBNEY ANDREW 
JOHNSON. 


Ir has been shown (J., 1927, 247) that carboxy-derivatives of 
10-chloro-5 : 10-dihydrophenarsazine which are not accessible by 
the condensation of arsenious chloride with the corresponding 
substituted diphenylamines may be prepared by condensing o-bromo- 
phenylarsinic acid with aminobenzoic acids and subsequent ring 
closure. Further, it was shown (J., 1926, 2243) that certain substi- 
tuted diphenylamines will not condense with arsenious chloride, 
although where at least two of the four ortho-positions in dipheny]l- 
amine are unoccupied, there seemed reason to believe that the 
corresponding phenarsazine derivative should be capable of exist- 
ence. By investigating in greater detail the conditions of the 
formation of various arsinic acids derived from diphenylamine and 
the conditions of ring closure to form the heterocyclic arsenic 
compound, it has been possible to study the properties of some 
of the compounds hitherto unprepared and to throw more light on 
the constitution of some already known compounds belonging to 
this series. 

The preparation of diphenylamine-o-arsinic acid (I) has been 
effected by two methods as indicated : 


( YOO + on Jey nd 
sO(OH) 
yess DE OMS i) 
CORR x) * 
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The condensations were carried out under identical conditions and 
it will be seen that the yield of the condensation product varied 


ea RS SRR 
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very considerably according as o-bromophenylarsinic acid or 
o-aminophenylarsinic acid was the initial material. A result of 
the same kind was obtained in the preparation by two methods 
of 4-methyldiphenylamine-6'-arsinic acid (II) : 


Oe a 
r '% 
SOR 
0(0H i, 
@: Je 4. ” ‘Ca eo (II.) 


Since, in both cases, the use of o-bromophenylarsinic acid gave 
a higher yield of the desired arsinic acid, 2-methyldiphenylamine- 
6’-arsinic acid (III) (23% yield), N-methyldiphenylamine-o-arsinic 
acid (IV) (28% yield), 2-«-naphthylaminophenylarsinic acid (V) 
(81% yield), and 2-8-naphthylaminophenylarsinic acid (VI) (90% 
yield) were readily obtained by condensing o-bromophenylarsinic 
acid with the corresponding amine. 


(III.) Core (OH), O = 3@ (IV.) 


'AsO(OH) 
Pom O : Cee se ves 
; NH NH: 


In the case of the production of 2-nitrodiphenylamine-6' -arsinic 
acid (VII), the higher yield was obtained when o-aminophenyl- 


(vi.) NO, 


60 
No, ~ @=c7@ 
“ NH. 


O, 


arsinic acid was used, and hence for the preparation of 3-nttro- 
diphenylamine- 6’-arsinic acid (VIII) and of 4-nitrodiphenylamine- 
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6’-arsinic acid (IX), o-aminophenylarsinic acid was condensed with 
the corresponding bromonitrobenzene. 


0(OH) As0(OH) NO 
—— Ce xo, me ® — 


These results would indicate that the ease with which the 
reaction proceeds depends on the reactivity of the bromine atom, 
being slight in bromobenzene, greatest in o-bromonitrobenzene, 
and intermediate in the case of o-bromophenylarsinic acid. 

With the exception of N-methyldiphenylamine-o-arsinic acid 
(IV), all the above acids can be converted into the corresponding 
heterocyclic arsenic compounds. Diphenylamine-o-arsinic acid (I), 
when boiled with concentrated hydrochloric acid, is converted 
rapidly first into an oil and then into the previously described 
hydrochloride of phenarsazinic acid (J., 1924, 125, 2277). The 
same acid, when reduced by the alcohol—iodine—hydrochloric acid— 
sulphur dioxide method, is rapidly converted into 10-chloro-5 : 10- 
dihydrophenarsazine, which again can be oxidised to phenarsazinic 
acid. Incidentally, 10-chloro-5 : 10-dihydrophenarsazine has thus 
again been synthesised by a simpler method and its constitution 
further verified (compare Burton and Gibson, J., 1926, 452). These 
reactions may be briefly summarised : 


co 
O(OH), 
NH. . oxidation reduction 
SS AsCl 


NH 


When 4-methyldiphenylamine-6’-arsinic acid (II) was boiled with 
concentrated hydrochloric acid, similar effects were observed and 
the already described hydrochloride of 2-methylphenarsazinic acid 
(J., 1926, 469) was readily obtained. Also, by reduction with 
sulphur dioxide under the usual conditions, 10-chloro-2-methyl- 
5: 10-dihydrophenarsazine was produced, which again was easily 
oxidised to the heterocyclic arsinic acid. Ring closure also took 
place on boiling the acid (II) with acetic anhydride. The synthesis 
of 10-chloro-2-methyl-5 : 10-dihydrophenarsazine has thus been 
effected and, incidentally, the hydrobromide of 2-methylphenarsazinic 


O OH 
\As/ 
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acid was prepared from the acid (II) by using hydrobromic acid 
instead of hydrochloric acid, and 10-bromo-2-methyl-5 : 10-dihydro- 
phenarsazine was obtained from the acid (II) or from the corre. 
sponding phenarsazinic acid in the usual way. 

Although the corresponding ring closure by means of hydro. 
chloric acid took an appreciably longer time, 2-methyldiphenyl- 
amine-6’-arsinic acid (III) was converted into 4-methylphenarsazinic 
acid hydrochloride and 4-methylphenarsazinic acid. From both 
2-methyldiphenylamine-6’-arsinic acid and 4-methylphenarsazinic 
acid, 10-chloro-4-methyl-5 : 10-dihydrophenarsazine (X) and also the 
corresponding bromo-compound have been prepared for the first 
time, since phenyl-o-tolylamine was not available when the con- 
densation of arsenious chloride with various diphenylamines was 
being investigated. 


AsCl NH NH 
(X.) CY) (XI.) (XII) 
NH Me pas. Cl 
QO OH 


The formation of heterocyclic arsenic compounds from 2-z- 
naphthylaminophenylarsinic acid (V) can be accomplished very 
easily. 

7: 12-isoBenzophenarsazinic acid (XI) is easily produced by 
boiling the original acid for two minutes with concentrated hydro- 
chloric acid containing a little alcohol, while the already described 
7-chloro-7 : 12-dihydroisobenzophenarsazine * (XII) (Lewis and 
Hamilton, J. Amer. Chem. Soc., 1921, 43, 2218; Burton and Gibson, 
J., 1926, 467) is obtained very readily by the usual method of 
reduction. This synthesis effectively proves the correctness of 
the constitution assigned to the product of condensation of arsenious 
chloride and phenyl-«-naphthylamine. 

* Previously called 7-chloro-7 : 12-dihydrobenzophenarsazine. It is con- 
sidered advisable to regard (a) as the normal ring and (5) as the iso-ring, since 


“Oxy 


in (6) the hetero-atoms have to be numbered inversely to their accepted order 
on account of the geometry of the ring. This will avoid any confusion in the 
naming of the parent substances. The parent substance of compound (XII) 
will be 7 : 12-dihydroisobenzophenarsazine and of compound (XIV), 7 : 12-di- 
hydrobenzophenarsazine. 
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The formation of the corresponding heterocyclic arsenic com- 
pounds from 2-8-naphthylaminophenylarsinic acid (VI) was just as 
readily accomplished. The hydrochloride of 7 : 12-benzophenars- 
azinic acid or the free acid (XIII) was readily produced by boiling 
2-8-naphthylaminophenylarsinic acid with concentrated hydro- 
chloric acid containing a little alcohol or by boiling it with acetic 
acid. Further, the previously described 12-chloro-7 : 12-dihydro- 
benzophenarsazine (XIV) (Burton and Gibson,* J., 1926, 2241) 
was easily obtained by the usual method of reduction from either 
2-8-naphthylaminophenylarsinic acid or from the heterocyclic acid 
(XIII). On the assumption that the condensation goes in the 
a-position of the naphthalene nucleus, the constitution assigned 
previously to the condensation product of arsenious chloride and 
-phenyl-8-naphthylamine is verified by the present work. 


AsCl 


(XIII.) (XIV.) 


NH 

In several of the above cases when the ring closure was effected 
by boiling hydrochloric acid, an oily intermediate product possessing 
a characteristic acid chloride-like odour was formed prior to the 
formation of the crystalline hydrochloride of the heterocyclic 
arsinic acid. Although this intermediate product was never 
isolated, its repeated formation led us to believe that the con- 
densation is preceded by the formation of an acid chloride and we 
suggest that the following scheme may represent the formation of 
the hydrochloride of the phenarsazinic acid : 


sO(OH), 
+ HCl —> < + H,0; —> 
O OH 
\As% 
“# NHpHCl] 
When ring closure was effected by the alcohol—hydrochloric acid- 
iodine-sulphur dioxide method, in none of the above cases were 


* There is a mnieptint on p. 2243 (line 4 from bottom): ‘ 12-chloro-7 : 12- 
dihydrophenarsazine ” should be “ 12-chloro-7 ; 12-dihydrobenzophen- 


a 
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we able to isolate the intermediate dichloroarsine; indeed, in only 
one case (described below) has this been possible. 

When 2-nitrodiphenylamine-6’-arsinic acid (VII) was reduced 
for 5 minutes with sulphur dioxide in the presence of alcoholic 
hydrochloric acid and a trace of iodine, an oil was formed which, 
after solidification and recrystallisation, was obtained as deep red 
crystals of 2-nitrodiphenylamine-6'-dichloroarsine (XV), from which 
the original acid was regenerated by oxidation with hydrogen per- 
oxide in acetic acid solution. When the dichloroarsine was boiled 
in acetic acid solution for 3 hours, 10-chloro-4-nitro-5 : 10-dihydro- 
phenarsazine (XVI) crystallised in characteristic scarlet needles, 
m. p. 165°. The method of production of this compound leaves 
no doubt as to its constitution. 


Cl, 
(XV.) ool (XVI.) 


NO, 
AsCl NO, 


N Qo 
(XVII.) (XVIIL.) 

In the reduction of 3-nitrodiphenylamine-6’-arsinic acid (VIII) 
no intermediate dichloroarsine was obtained. From its method 
of formation, however, the homogeneous compound must be 
10-chloro-3(or 1)-nitro-5 : 10-dihydrophenarsazine (XVII) and it was 
obtained in deep red, prismatic needles, m. p. 258—259° (decomp.). 
The corresponding 3(or 1)-nitrophenarsazinic acid and the 10-bromo- 
3(or 1)-nitro-5 : 10-dihydrophenarsazine were also isolated. [Previous 
work (J., 1926, 2241; compare Roberts and Turner, J., 1925, 
127, 2005) clearly suggests that the nitro-group in these compounds 
is probably in the 3 position.] 

When 4-nitrodiphenylamine-6’-arsinic acid (IX) was reduced 
under similar conditions, no dichloroarsine was isolated, but there 
was no difficulty in isolating 10-chloro-2-nitro-5 : 10-dihydrophen- 
arsazine (XVIII), m. p. 278° (decomp.), and the method of prepar- 
ation leaves no doubt as to the constitution of this substance. 

The synthesis and identification of these three nitro-derivatives 
have enabled us to clear up certain obscurities in the previous 
work on compounds of this series. 10-Chloro-4-nitro-5 : 10-dihydro- 
phenarsazine (XVI) has been oxidised to the corresponding acid, 
and this reduced by ferrous hydroxide to the hydrochloride of 
4-aminophenarsazinic acid, identical with the compound prepared 
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by Wieland and Rheinheimer (Annalen, 1921, 423, 1). Although 
we expected a triazo-derivative might be formed, this compound 
is unaffected by nitrous acid at 5°. 

Wieland and Rheinheimer obtained two mononitro-derivatives 
by the nitration of 10-chloro-5 : 10-dihydrophenarsazine. They 
concluded that the one produced in less quantity (brilliant scarlet 
needles) had the nitro-group in the ortho-position to the ‘NH 
group and although the melting point recorded by them is some- 
what low (156°), the description shows that the compound actually 
was 10-chloro-4-nitro-5 : 10-dihydrophenarsazine (XVI), now syn- 
thesised and obtained by us in a pure condition, m. p. 165°. The 
other mononitro-derivative, Wieland and Rheinheimer rightly 
concluded was the para-isomeride, viz., 10-chloro-2-nitro-5 : 10- 
dihydrophenarsazine (XVIII). They described it as crystallising 
in greenish-yellow scales, but did not record any melting point. 
On carefully repeating their work, we found that this compound 
was identical with the synthesised substance (XVIII), m. p. 278° 
(decomp.). Wieland and Rheinheimer further stated that this 
compound on oxidation was converted into the nitrophenarsazinic 
acid (the 2-nitro-acid) which is the by-product of the nitration of 
phenarsazinic acid, the main product, according to them, being 
4-nitrophenarsazinic acid. We have found, however, that the 
main (i.e., the more easily isolated) product of the nitration of 
phenarsazinic acid under the conditions described by Wieland and 
Rheinheimer is the 2-nitro-acid, for on repeating their work we 
isolated an acid which, on reduction by the sulphur dioxide—alcohol— 
hydrochloric acid-iodine method, gave 10-chloro-2-nitro-5 : 10- 
dihydrophenarsazine (XVIII) in a slightly impure form. More- 
over, Burton and Gibson’s “ 1-nitrophenarsazinic acid” (loc. cit., 
p. 2243) is actually the 2-nitro-acid, for it gives the substance 
(XVIII) on reduction. As a result of the work now described, the 
conclusions drawn by Burton and Gibson as to the constitution of 
the corresponding amino-derivatives must be modified accordingly. 

In view of the previous failure to prepare 10-chloro-5-methyl- 
5: 10-dihydrophenarsazine (Burton and Gibson, J., 1926, 453; 
compare Wieland and Rheinheimer, loc. cit.), it is interesting to 
know that normal ring closure does not take place when N-methyl- 
diphenylamine-o-arsinic acid (IV) is submitted to any of the treat- 
ments mentioned above for this purpose. Indeed, the only product 
which we have isolated by the alcohol—hydrochloric acid—iodine— 
sulphur dioxide reduction method was somewhat impure 10-chloro- 
5 : 10-dihydrophenarsazine in small quantity (compare Burton and 
Gibson, loc. cit.). Whilst we have again been unsuccessful in 
preparing 10-chloro-5-methyl-5 : 10-dihydrophenarsazine, the results 
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of the work indicate that ring closure effected by reduction by the 
sulphur dioxide method probably follows the course 


ie (x) i Ce (x) (A) 
se VY 


Where R = H and X(o- or p-) = H or Me, 


(A) —> O22) ee 
” AsCl 
one + Of 
PA 


NH 


If X = NO, and R = H, the nitrogen atom will be less basic and 
arsenic-nitrogen ring closure will tend to take place with less ease, 
especially in the case of the 2-nitro-compound (VII). In this case 
we have actually isolated the dichloroarsine and it is possible that 
steric hindrance here plays some part (compare Roberts and Turner, 
loc. cit.). If R = Me and X = H, there will be less tendency for 
arsenic—nitrogen ring closure to take place. The small amount of 
the product of such ring closure will not be stable and should lose 
methyl chloride, thus, 
AsCl 


with the formation of a small quantity of 10-chloro-5 : 10-di- 
hydrophenarsazine, as found experimentally. 


ExPERIMENTAL. 


The method previously described for the preparation of o-bromo- 
phenylarsinic acid (J., 1926, 456) has been considerably modified, 
whereby a higher yield (56%) is obtained and economy in hydro- 
bromic acid effected. o-Aminophenylarsinic acid (150 g.), dissolved 
in concentrated hydrochloric acid (210 c.c.) and water (210 c.c.), 
was diazotised below 5° with sodium nitrite (50 g.; water, 110 c.c.). 
Cuprous bromide (copper sulphate crystals, 150 g., in water, 500 
c.c.; potassium bromide, 75 g., in water, 175 c.c.; the solution 
was reduced with sulphur dioxide, and the precipitate filtered off 
and washed with water) was dissolved in hydrobromic acid (of 
constant b. p.; 270 c.c.) and to this solution at the ordinary tem- 
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perature the diazo-solution was added with constant stirring. After 
stirring for 1 hour, the precipitated acid was dissolved in sodium 
hydroxide solution, and the solution was decolorised with charcoal 
and acidified with hydrochloric acid (Congo-red). The colourless 
crystals had m. p. 199—200° (decomp.). 

o-Bromonitrobenzene may be obtained in 86% yield by the 
following modification of Ullmann’s method (Ber., 1896, 29, 1880). 
o-Nitroaniline (138 g.), dissolved in concentrated hydrochloric 
acid (215 c.c.) and water (128 c.c.), was diazotised below 10° with 
sodium nitrite (75 g. in water, 150 c.c.). A solution of cuprous 
bromide in hydrobromic acid (of constant b. p.; 320 c.c.) was 
prepared from copper sulphate crystals (193 g. in water, 640 o.c.) 
and potassium bromide (96-5 g. in water, 210 c.c.) as described 
above, and the diazo-solution added to it at the ordinary tem- 
perature with constant stirring. The o-bromonitrobenzene, m. p. 
43—44°, was isolated by steam distillation. 

Diphenylamine-o-arsinic Acid, Cg,H;-NH°C,H,°AsO(OH), (I).— 
(a) A mixture of aniline (4-7 g.), o-bromophenylarsinic acid (14 g.), 
dry potassium carbonate (9-3 g.), amyl alcohol (38 c.c.), and a trace 
of copper powder was boiled for 5 hours. The volatile substances 
were removed by steam distillation and the residue was decolorised 
with charcoal. The filtrate on acidification with hydrochloric acid 
deposited a dark-coloured solid (7-1 g.), which was recrystallised 
from glacial acetic acid and then from dilute acetic acid. 

(6) A mixture of bromobenzene (6-0 g.), o-aminophenylarsinic 
acid (6-75 g.), dry potassium carbonate (6-0 g.), amyl alcohol (35 
c.c.), and a trace of copper powder was treated in a similar manner. 
Only 0-4 g. of product was obtained. 

Diphenylamine-o-arsinic acid forms colourless, felted needles, 
m. p. 166° (slight decomp.). It cannot be titrated with 0-1N- 
sodium hydroxide and phenolphthalein, the end-point varying with 
the concentration; but its basicity is greater than unity (Found : 
As, 25:5. C,.H,,0,NAs requires As, 25°6%). 

Conversion of Diphenylamine-o-arsinic Acid into Phenarsazinic 
Acid and 10-Chloro-5 : 10-dihydrophenarsazine.—(a) Diphenylamine- 
o-arsinic acid (1 g., either crude or pure) was boiled with con- 
centrated hydrochloric acid (7 c.c.). An oil having a characteristic 
odour was first formed, but it rapidly disappeared and after 2 
minutes’ boiling the liquid became filled with crystals of phen- 
arsazinic acid hydrochloride identical with an authentic specimen, 
m. p. 203—205° (decomp.). This hydrochloride dissolved in an 
excess of aqueous sodium hydroxide, from which solution phen- 
arsazinic acid was precipitated on addition of acetic acid. The 
phenarsazinic acid was dissolved in hot alcohol—hydrochloric acid 
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and reduced with sulphur dioxide after addition of a trace of iodine. 
10-Chloro-5 : 10-dihydrophenarsazine, m. p. 191°, identical with 
an authentic specimen, was obtained (Found: Cl, 12-9. Calc.: 
Cl, 12-8%). 

(6) Diphenylamine-o-arsinic acid (1 g., either crude or pure), 
dissolved in a hot mixture of alcohol (5 c.c.) and concentrated 
hydrochloric acid (5 c.c.), deposited 10-chloro-5 : 10-dihydrophen- 
arsazine, m. p. 191° (after recrystallisation from benzene), on reduc- 
tion with sulphur dioxide after addition of a trace of iodine. The 
chloro-compound, on oxidation with chloramine-T in aqueous 
acetone (Burton and Gibson, J., 1924, 125, 2276), was converted 
into phenarsazinic acid. 

4-Methyldiphenylamine-6'-arsinic Acid, 

C,H,Me-NH-C,H,-AsO(OH), (II). 

—(a) The product obtained from p-toluidine (4:9 g.) and o-bromo- 
phenylarsinic acid (12-9 g.), worked up as described above, amounted 
to 10 g. (6) The amount obtained from p-bromotoluene (8-6 g.) 
and o-aminophenylarsinic acid (10-9 g.) was only 1-0 g. Pure 
4-methyldiphenylamine-6'-arsinic acid, m. p. 160—165° (decomp.), 
was obtained as a cream-coloured solid by recrystallising the 
product from dilute acetic acid (Found: As, 24-1. C,,H,,0,;NAs 
requires As, 24-4°%). It is soluble in hot alcohol or hot glacial 
acetic acid and only slightly soluble in water. 

4-Methyldiphenylamine-6’-arsinic acid (10 g. of crude acid) was 
boiled with concentrated hydrochloric acid (40 c.c.). An oil was 
formed and the mixture vigorously stirred during the heating. 
After about 2 minutes the solution became homogeneous and then 
suddenly filled with crystals (8-5 g.) of 2-methylphenarsazinic acid 
hydrochloride, m. p. 200—204° (decomp.), which was identical 
with an authentic specimen (J., 1926, 469). On treatment with 
sodium hydroxide, the sodium salt, which is sparingly soluble in 
cold water, was obtained, and from this 2-methylphenarsazinic acid, 
m. p. 306° (decomp.), was isolated by acidification with glacial 
acetic acid. This was identical with a specimen made by oxidising 
the condensation product of arsenious chloride and phenyl-p-tolyl- 
amine. The hydrochloride, m. p. 208° (decomp.), was readily 
re-formed on dissolving the acid in a hot mixture of equal volumes 
of alcohol and concentrated hydrochloric acid and allowing the 
solution to cool (Found: Cl, 11-2. Cale.: Cl, 10-9%). 

A boiling solution of 4-methyldiphenylamine-6’-arsinic acid 
(1 g.) in alcohol (7 c.c.) and concentrated hydrochloric acid (7 c.c.) 
containing a trace of iodine was treated with sulphur dioxide; 
reduction was complete after 5 minutes. The product, recrystallised 
from benzene, gave 10-chloro-2-methyl-5 : 10-dihydrophenarsazine 
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in orange-yellow needles, m. p. 199—200°, which did not depress 
the melting point of an authentic specimen (Found: Cl, 12-2. 
Cale.: Cl, 12:-2%). On oxidation with chloramine-T in aqueous 
acetone, it was converted into the colourless 2-methylphenarsazinic 
acid, m. p. 306—308° (decomp.), identical with an authentic 
specimen. 

4-Methyldiphenylamine-6’-arsinic acid (3 g.) was boiled with 
acetic anhydride (15 c.c.) for 2 hours. The solution remaining 
after half of the anhydride had been distilled off was deep blue 
and deposited 0-6 g. of colourless, crystalline material. This was 
washed with alcohol and had m. p. 308° (decomp.). On reduction 
with sulphur dioxide under the usual conditions, it was converted 
into 10-chloro-2-methyl-5 : 10-dihydrophenarsazine. § 2-Methyl- 
phenarsazinic acid under the same conditions was not acetylated. 

2-Methylphenarsazinic acid hydrobromide, 


NH<CeHsMe> 4s0(OH),HBr, 
6**4 


was prepared by dissolving 2-methylphenarsazinic acid (1 g.) in 
a hot mixture of alcohol (5 ¢.c.) and hydrobromic acid (of constant 
b. p.; 6 ¢.c.) and allowing the solution to cool. It crystallised as 
an almost colourless, granular powder, which turned orange- 
coloured on heating above 100° and had m. p. 208—210° (decomp.) 
(Found: Br, 21-3. C,,;H,,0,NBrAs requires Br, 21-6%). It was 
also formed by boiling 4-methyldiphenylamine-6’-arsinic acid (1 g.) 
with hydrobromic acid (of constant b. p.; 8 c.c.) for a few minutes, 
but the reaction did not take place so smoothly as in the formation 
of the hydrochloride: the tarry matter formed was removed by 
washing the precipitate with a mixture of hydrobromic acid and 
alcohol. 
10-Bromo-2-methyl-5 : 10-dihydrophenarsazine, 


y C,H.Me 
N H<"t i -AsBr, 


was prepared by dissolving 2-methylphenarsazinic acid or 4-methyl- 
diphenylamine-6’-arsinic acid (1 g.) in a hot mixture of alcohol 
(5 c.c.) and hydrobromic acid (of constant b. p.; 5 c.c.) and reducing 
the product in the usual way; it crystallised from benzene in 
rosettes of hard, orange-red needles, m. p. 180° (decomp.) (Found : 
Br, 23-9. C,,H,,NBrAs requires Br, 23-8%). 
2-Methyldiphenylamine-6'-arsinic Acid, 
C,H,Me:-NH-C,H,°AsO(OH), (III). 

—o-Toluidine (15 g.), o-bromophenylarsinic acid (39 g.), dry 
potassium carbonate (30 g.), amyl alcohol (120 c.c.), and a trace 
of copper powder were boiled for 7 hours and worked up as before. 
On acidifying the solution of the potassium salt, 2-methyldiphenyl- 
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amine-6’-arsinic acid (10 g.) was obtained as a light cream-coloured 
solid. It was difficult to purify, but from dilute acetic acid it was 
obtained as a slightly discoloured solid of indefinite melting point 
(130—140°) (Found: As, 24:2. C,,;H,,O,NAs requires As, 24-4%), 

4-Methylphenarsazinic acid hydrochloride was formed on boiling 
the preceding compound (crude) with concentrated hydrochloric 
acid as described for the isomeride, but the time elapsing before 
the separation of the hydrochloride was almost twice as long. The 
crude salt had m. p. 187—189° (decomp.). 4-Methylphenarsazinic 
acid was formed from the crude hydrochloride by treatment with 
an excess of sodium hydroxide solution and then acidification with 
acetic acid. The precipitated acid was recrystallised from dilute 
acetic acid and then had m. p. 309—310° (decomp.) (Found: As, 
25-7. C,3H,,0,NAs requires As, 25-9%). This acid tends to form 
an unstable acetate, since, when it was recrystallised from glacial 
acetic acid and air-dried for 2 days, it still retained 5-61% of acetic 
acid (Calc. for 1 mol. of C,H,O,, 17:2%). 4-Methylphenarsazinic 
acid resembles the 2-isomeride in most of its properties : the sodium 
salt is not very soluble in cold water and it is readily converted into 
the hydrochloride, colourless needles, m. p. 199° (decomp.), by the 
usual method (Found: Cl, 10-9. C,,;H,,0,NClAs requires Cl, 
10-9%). 

10-Chloro-4-methyl-5 : 10-dihydrophenarsazine (X). — 4-Methyl- 
phenarsazinic acid or crude 2-methyldiphenylamine-6’-arsinic acid 
was reduced as described for the 2-isomeride. Recrystallised from 
benzene, the product formed yellow needles (occasionally greenish- 
yellow), m. p. 191° (decomp.). The yield was almost quantitative 
(Found: Cl, 12-3. C,,H,,NClAs requires Cl, 12-2%). 

10-Bromo-4-methyl-5 : 10-dihydrophenarsazine was prepared in an 
analogous manner from 4-methylphenarsazinic acid. It was re- 
crystallised from benzene and obtained in light yellow needles, 
m. p. 190° (slight decomp.) (Found: Br, 24-0. C,,H,,NBrAs 
requires Br, 23-8%). Both these compounds were converted into 
4-methylphenarsazinic acid on oxidation with chloramine-T in 
aqueous acetone. 

N-Methyldiphenylamine-o-arsinic Acid (IV).—Monomethylanil- 
ine * (15 g.), o-bromophenylarsinic acid (39 g.), dry potassium 
carbonate (30 g.), amyl alcohol (120 c.c.), and a trace of copper 
powder were boiled for 5 hours. The product was worked up in 
the usual manner, and the N-methyldiphenylamine-o-arsinic acid 
(12 g.) obtained as a colourless, crystalline solid, m. p. 182—184° 


* Purified through its p-toluenesulphonyl derivative. It had b. p. 196°/ 
764 mm., and gave quantitative yields of its acetyl and p-toluenesulphony! 
derivatives (m. p.’s 101° and 94°, respectively). 
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(decomp.) after recrystallisation from dilute acetic acid. It was 
dificult to purify (Found: As, 24:2. C,,;H,,0,;NAs requires As, 
244%). Boiling with concentrated hydrochloric acid for 5 minutes 
caused no separation of crystalline matter, but some decomposition 
took place and the characteristic odour, which we attribute to the 
intermediate formation of an acid chloride, was observed. On 
cooling, treatment with sodium hydroxide, and acidification with 
acetic acid, only an impure acid was precipitated. When hydro- 
bromic acid was used instead of hydrochloric acid, marked decom- 
position took place. 

N-Methyldiphenylamine-o-arsinic acid (8 g.) was reduced in hot 
alcoholic-concentrated hydrochloric acid solution in the manner 
already described, but the product of the reduction was a heavy, 
dark-coloured oil. A small amount of yellowish-brown solid separ- 
ated from the oily matter on cooling. This was recrystallised from 
benzene and melted at'175—177°. The melting point was raised 
(187—188°) by admixture with pure 10-chloro-5 : 10-dihydrophen- 
arsazine, but the quantity obtained was too small for further 
purification and attempts to work up the oil were unavailing. 
10-Chloro-5-methyl-5 : 10-dihydrophenarsazine therefore cannot be 
prepared by this method and it was also found impossible to prepare 
the corresponding bromo-compound. 

2-a-Naphthylaminophenylarsinic Acid (V)—On mixing «-naph- 
thylamine (16-0 g.), o-bromophenylarsinic acid (28-2 g.), dry potass- 
ium carbonate (19-0 g.), amyl alcohol (80 c.c.), and a trace of copper 
powder an almost solid mass was produced. The mixture was 
boiled for 64 hours and the product isolated (28 g., crude) in the 
usual way. The acid recrystallised from dilute acetic acid had 
m. p. 165° (Found: As, 21-6. C,,H,,0,NAs requires As, 21-9%). 

2-a-Naphthylaminophenylarsinic acid (10 g.) was dissolved as 
rapidly as possible in a hot mixture of alcohol (50 c.c.) and con- 
centrated hydrochloric acid (50 c.c.) and reduced with sulphur 
dioxide after addition of a trace of iodine. The precipitated 
7-chloro-7 : 12-dihydroisobenzophenarsazine (XII) was filtered off 
from the cold liquid and recrystallised from toluene. The short, 
yellow needles, m. p. 219°, were identical with an authentic specimen 
(Found: Cl, 10-7. C,,H,,NClAs requires Cl, 10-8%). 

7: 12-isoBenzophenarsazinic Acid Hydrochloride. —2-«-Naphthyl- 
aminophenylarsinic acid (3-5 g.) was dissolved in a mixture of 
alcohol (15 c.c.) and concentrated hydrochloric acid (15 c¢.c.), and 
the mixture rapidly heated on the water-bath. After 2 minutes 
and while the solution was still hot, small, colourless plates of the 
hydrochloride of 7 : 12-isobenzophenarsazinic acid began to separate. 
It has m. p. 232° (decomp.) (Found: Cl, 10-0. C,,H,,;0,NClAs 
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requires Cl, 9:8%). This, on treatment with warm dilute sodium 
hydroxide solution followed by acidification with acetic acid, was 
converted into colourless 7 : 12-isobenzophenarsazinic acid (X]I), 
which was recrystallised from dilute acetic acid (Found: As, 22-9, 
Calc.: As, 23:1%). The sodium salt had the properties described 
by Lewis and Hamilton (J. Amer. Chem. Soc., 1921, 43, 2218). 

2-8-Naphthylaminophenylarsinic Acid (V1).—8-Naphthylamine 
was condensed with o-bromophenylarsinic acid, the quantities 
taken and the conditions of the reaction being the same as in the 
preparation of the isomeric substance. The crude acid (31 g.) 
was deposited in colourless needles, m. p. 181°, after the solution 
in hot alcohol had been decolorised with charcoal (Found: As, 
21-6. C,,H,,0,NAs requires As, 219%). 12-Chloro-7 : 12-dihydro. 
benzophenarsazine (XIV) was prepared from this compound (10 g.) 
by the method used for the preparation of the isomeride. It was 
recrystallised from s-tetrachloroethane and obtained in yellow 
leaflets, m. p. 254°, identical in every respect with the compound 
formed by the condensation of arsenious chloride with phenyl- 
8-naphthylamine. Yield, 7 g. (Found: Cl, 10-85. Calc.: Ql, 
10-8%). 

7 : 12-Benzophenarsazinic Acid (XIII).—When a solution of the 
preceding compound (25 g.) in hot glacial acetic acid (200 c.c.) was 
rapidly cooled and treated with hydrogen peroxide (20 vols.; 130 
c.c.) and then heated almost to boiling to complete the oxidation, 
7 : 12-benzophenarsazinic acid was precipitated as a brown, amorph- 
ous solid. It was recrystallised from dilute acetic acid after decolor- 
ation with charcoal and obtained in small, colourless needles, m. p. 
above 325°. Yield, 18 g. (Found: As, 22-8. C,,H,,O,NAs 
requires As, 23-1%). The same acid was produced when a solution 
of 12-chloro-7 : 12-dihydrobenzophenarsazine was oxidised with an 
aqueous solution of chloramine-T. It was also obtained when a 
solution of 2-8-naphthylaminophenylarsinic acid in the minimum 
quantity of boiling glacial acetic acid was heated on the water- 
bath for 30 minutes. The acid crystallised on cooling and the 
filtrate contained a small quantity of unchanged 2-6-naphthylamino- 
phenylarsinic acid. 

7: 12-Benzophenarsazinic acid hydrochloride was obtained by 
dissolving 2-8-naphthylaminophenylarsinic acid (0-3 g.) in a hot 
mixture of alcohol (5 c.c.) and concentrated hydrochloric acid 
(5 c.c.). After a few minutes the compound, m. p. 234° (decomp.), 
separated in fine needles (Found: Cl, 10-0. C,,H,,0,NCIAs 
requires Cl, 9-8%). It was converted into 7 : 12-benzophenarsazinic 
acid in the usual way. The sodium salt (colourless needles) of 
7: 12-benzophenarsazinic acid is not very soluble in cold water; 
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the ammonium salt crystallises in glistening plates from water; 
the barium, silver, and mercuric salts are produced as heavy, white 
precipitates ; the ferric salt is brown and somewhat gelatinous; the 
copper salt is pale greenish-blue; the cobalt salt is pale blue, and 
the calcium salt forms fine, colourless needles. 

12-Bromo-7 : 12-dihydrobenzophenarsazine was prepared by reduc- 
ing 7:12-benzophenarsazinic acid in alcohol-hydrobromic acid 
solution in the usual way. It forms short, deep orange-coloured 
needles, m. p. 251—252° (decomp.), from toluene (Found: Br, 
21:7. C,g,H,,NBrAs requires Br, 21-5%). 

2-Nitrodiphenylamine-6'-arsinic Acid (VII).—A mixture of 
o-aminophenylarsinic acid (47-2 g.), o-bromonitrobenzene (49-0 g.), 
dry potassium carbonate (42 g.), amyl alcohol (245 c.c.), and a 
trace of copper powder was boiled for 6 hours. The product was 
worked up as usual, washed with dilute hydrochloric acid and 
water to remove unchanged o-aminophenylarsinic acid, and re- 
crystallised from aqueous alcohol, forming golden-yellow needles, 
m. p. 238—240° (decomp.). Yield of pure acid, 25% (Found: 
N, 7:95. C,,H,,0,;N,As requires N, 8-3%). 0-Bromophenylarsinic 
acid and o-nitroaniline, condensed in a similar manner, gave a 
77% yield of the same product. 

The acid is slightly soluble in water and is soluble in alcoholic 
hydrochloric acid, but a hydrochloride could not be isolated. Solu- 
tions of the sodium and potassium salts are deep red in contrast 
to that of the acid, which is deep yellow. 

2-Nitrodiphenylamine-6' -dichloroarsine (X V).—The preceding com- 
pound (3-1 g.) was dissolved in a hot mixture of alcohol (20 c.c.) 
and concentrated hydrochloric acid (25 c.c.), and sulphur dioxide 
passed into the solution for 5 minutes only, after addition of a trace 
of iodine. The oil which separated quickly solidified on cooling. 
The solid crystallised from benzene-light petroleum (b. p. 60—80°) 
in deep red crystals, m. p. 110° (Found: Cl, 19-95. C,,H,O,N,Cl,As 
requires Cl, 19-89%). On oxidation with hydrogen peroxide (20 
vol.) in acetic acid solution, the above 2-nitrodiphenylamine- 
6’-arsinic acid was obtained. 

10-Chloro-4-nitro-5 : 10-dihydrophenarsazine (X V1I).—After a solu- 
tion of 2-nitrodiphenylamine-6’-dichloroarsine (1-5 g.) in glacial 
acetic acid (25 c.c.) had been boiled for 3 hours, beautiful scarlet 
needles of 10-chloro-4-nitro-5 : 10-dihydrophenarsazine were de- 
posited on cooling. It was recrystallised from glacial acetic acid 
and then had m. p. 165° (Wieland and Rheinheimer, loc. cit., give 
m. p. 15°) (Found: Cl, 10-8. Cale.: Cl, 11-0%). 

This compound was oxidised by hydrogen peroxide (20 vol.) in 
glacial acetic acid solution, whereby it was converted into 4-nitro- 
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phenarsazinic acid. This acid was reduced by ferrous hydroxide 
(Burton and Gibson, loc. cit.) and converted into the 4-amino. 
phenarsazinic acid, which was conveniently isolated as the hydro. 
chloride. The hydrochloride, suspended in excess of dilute hydro. 
chloric acid, was unaffected by sodium nitrite at 5°. 
3-Nitrodiphenylamine-6'-arsinic acid (VIII) was prepared from 
o-aminophenylarsinic acid (20-9 g.) and m-bromonitrobenzene 
(21-7 g.) in a similar manner to the isomeride, the boiling, however, 
being continued for 7 hours. The product (16 g.) crystallised 
from dilute acetic acid in light yellow needles, m. p. 202° (decomp.) 
(Found: As, 21-7. C,,H,,0;N,As requires As, 22:2%). The 
solutions of the sodium and potassium salts are deep red. 
10-Chloro-3(or 1)-nitro-5 : 10-dihydrophenarsazine (XVII).—The 
compound just described (20 g.) was reduced in the usual manner 
for 15 minutes by sulphur dioxide; a deep red, crystalline substance 
soon filled the liquid. The product was fractionally crystallised 
from glacial acetic acid and only one substance, which formed 
glistening, thin prisms, m. p. 258—259° (decomp.), was obtained 
(Found: As, 22-8; Cl, 11-2. C,,H,O,N,ClAs requires As, 23:2; 
Cl, 11-0%). 
3(or 1)-Nitrophenarsazinic Acid.—The preceding compound (4 g.) 
was boiled with glacial acetic acid (60 c.c.) and rapidly cooled, 
and to the solution-suspension hydrogen peroxide (20 vol.; 40 
c.c.) was added. The colour of the solution rapidly changed and 
a yellowish-brown acid was precipitated; the reaction was com- 
pleted by gentle warming. The product was recrystallised from 
dilute acetic acid. The yellow substance did not melt below 320° 
(Found: N, 8-8; As, 23-0. C,,.H,O,N,As requires N, 8-7; As, 
23-4%). It was insoluble in water and most organic solvents, 
but dissolved in aqueous sodium hydroxide, and from a strong 
solution of the latter the sodium salt (brown) crystallised. 
10-Bromo-3(or 1)-nitro-5 : 10-dihydrophenarsazine was prepared 
by reducing 3(or 1)-nitrophenarsazinic acid in the presence of 
hydrobromic acid in the usual way. When recrystallised from 
benzene, it was obtained in short, reddish-brown needles, m. p. 234° 
(decomp.) (Found: Br, 22-15. C,,.H,O,N,BrAs requires Br, 21-8%). 
4-Nitrodiphenylamine-6'-arsinic acid (IX) was prepared from 
p-bromonitrobenzene (52-2 g.)” and o-aminophenylarsinic acid 
(50-3 g.) in a similar manner to the isomeric compounds, the boiling, 
however, being continued in this case for 74 hours. The crude 
product (35 g.) was recrystallised from dilute acetic acid, and the 
pure acid obtained as a pale yellow, microcrystalline substance, 
m. p. 223° (decomp.) (Found: N, 83. C,,H,,0;N,As requires 
N, 83%). The alkali salts are deep orange-red in aqueous solution. 
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10-Chloro-2-nitro-5 : 10-dihydrophenarsazine (XVIII) was pre- 
pared from the preceding compound (8 g.) by reduction in the 
presence of hydrochloric acid in the usual way. The product 
(6-1 g.) was recrystallised from glacial acetic acid, in which it was 
somewhat sparingly soluble. It seems to be dimorphous, for it 
separated first in soft, yellow needles which, on standing or when 
the solution was stirred, changed into compact, small, orange- 
yellow, prismatic needles. On heating, the substance turned dark 
red at about 194—197° and had m. p. 276—278° (decomp.) (Found : 
Cl, 10-8; As, 22-95. C,,H,O,N,ClAs requires Cl, 11-0; As, 23-2%). 

Phenarsazinic acid (20 g.) was nitrated under the conditions 
described by Burton and Gibson (J., 1926, 2244), and the nitro- 
acid purified as described through the sodium and barium salts. 
This acid, on reduction in the usual way in the presence of hydro- 
chloric acid, gave a chloro-compound which was identical in every 
way with the above compound. It was obtained in soft, yellow 
needles which were converted into the compact, orange-yellow 
prisms; on heating, the behaviour was the same as that already 
described (Found: As, 23-05. Calc.: As, 23-2%). It must have 
been formed from 2-nitrophenarsazinic acid. 

Phenarsazinic acid (10 g.) was nitrated as far as possible under 
the conditions described by Wieland and Rheinheimer (loc. cit.). 
The mixture was kept for 14 hours after the addition of the nitric 
acid (21-5) was completed. The nitro-acid obtained from the 
sodium salt was recrystallised twice from 50% acetic acid and was 
then dark yellow to orange. It was reduced in the presence of 


‘hydrochloric acid in the usual way, and the product had a very 


indefinite melting point, melting and decomposition not being 
complete at 250°. After this had been further recrystallised from 
glacial acetic acid, it melted at 265—267° (decomp.), and although 
even then it was not quite pure, its behaviour when admixed with 
pure 10-chloro-2-nitro-5 : 10-dihydrophenarsazine showed that it 
was chiefly composed of this substance. 

We are therefore justified in concluding that the most easily 
isolated product of the nitration of phenarsazinic acid is 2-nitro- 
phenarsazinic acid, and not 4-nitrophenarsazinic acid as stated by 
Wieland and Rheinheimer. 

10-Chloro-5 : 10-dihydrophenarsazine was also nitrated under the 
conditions described by Wieland and Rheinheimer. The mono- 
nitro-derivative obtained in the larger amount (for which they 
quoted no melting point) was oxidised by means of hydrogen 
peroxide (20 vol.) in glacial acetic acid solution. The product was 
recrystallised from glacial acetic acid and then reduced in the 
presence of hydrochloric acid in the usual way, being thus con- 
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verted into 10-chloro-2-nitro-5 : 10-dihydrophenarsazine, m. p. 276° 
(decomp.), identical with the product described above. 

The various nitro-derivatives of 10-chloro-5 : 10-dihydrophen- 
arsazine can be readily distinguished from 2-nitrodiphenylamine- 
6’-arsinic acid, since the latter dissolves in concentrated sulphuric 
acid to form a characteristic deep red solution, whilst the former 
compounds yield deep violet solutions. All the solutions change 
to an olive-green colour on addition of a drop of concentrated 
nitric acid. 

Guy’s Hospitat MepicaL ScHOOL, 


(University or Lonpovn), S.E. 1. 
[Received, August 26th, 1927.] 


CCCXXXVI.—A New Isomerism of Halogenohydroxy- 
benzoyltoluic Acids. 


By Mosvuke Hayasut. 


THE roots of Lithospermum Erythrorhizon, commonly known as 
Shikon, were used in ancient Japan as an important violet dye. 
A few years ago the main constituent of this colouring matter was 
isolated by Majima and Kuroda (Acta Phytochim., 1922, 1, 43) 
and found to be a monoacetyl compound of a hydroxynaphtha- 
quinone derivative. This derivative, which has been termed 
shikonin from the Japanese name of the plant, melts at 147° and 
has the molecular formula C,,H,,0;; its constitutional formula, 
representing it as 2: 5 : 8-trihydroxy-3-3-methyl-Ay-pentenyl-1 : 4- 
naphthaquinone (I), was deduced from the results of careful 
investigations. 


HO CO HO CO Me 
OH 
i ICH,-CH,-CH:CMe, a 
HO &% HS WO 


One of the most characteristic properties of shikonin is the form- 
ation of a red sublimate on heating; this decomposition product, 
termed shikizarin, m. p. 232°, has the molecular formula C,;H,,0,. 
Whereas shikonin itself, as a naphthaquinone derivative, is relatively 
unstable, shikizarin is stable enough to be regarded as an anthra- 
quinone derivative; it gives 3-methylphthalic anhydride on oxid- 
ation with potassium permanganate. From these results, shikiz- 
arin (II) seems to be 8-methylquinizarin, formed by the extrusion 
of a molecule of hydrogen and of the elements of methyl alcohol 
from shikonin. 


rh z=-lCU ClCUC ellCOlUMlUre lle ee ee ee 
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To decide the constitution of shikizarin, 8-methylquinizarin was 
synthesised by Majima by condensing 3-methylphthalic anhydride 
with quinol dimethyl ether and heating the dihydroxybenzoyltoluic 
acid thus formed with concentrated sulphuric acid.* It was identical 
with shikizarin, and strong support was thus obtained for the 
constitution of shikonin. The yield of the dihydroxybenzoyltoluic 
acid was, however, very poor, so the synthesis was attempted in 
another way by Sakurai in the same laboratory, but without much 
improvement in the result.* Yet another synthesis was carried 
out by the present author by condensing 3-methylphthalic anhydride 
with p-chloroanisole in acetylene tetrachloride solution in the 
presence of aluminium chloride (compare Ullmann and Schmidt, 
Ber., 1919, 52, 2098). Thereby chlorohydroxybenzoyltoluic acid 
was obtained in good yield, the methoxyl group being hydrolysed 
at the same time. 8-Methylquinizarin was then produced by 
treating this intermediate substance with concentrated sulphuric 
acid and heating the chlorohydroxymethylanthraquinone thus 
formed with a solution of boric acid in sulphuric acid. The yield 
was about 50% of the chlorohydroxymethylanthraquinone. 

The stage of the reaction resulting in the formation of chloro- 
hydroxymethylanthraquinone was, however, not at all simple and 
the action of concentrated sulphuric acid on the chlorohydroxy- 
benzoyltoluic acid gave rise, in addition to chlorohydroxymethyl- 
anthraquinone, to an interesting isomeric change, which has been 
studied in some detail. The above-mentioned chlorohydroxy- 
benzoyltoluic acid, m. p. 238—239°, may have one of the formulz 
III, IV, V, and VI. Many authors (Nourrisson, Ber., 1886, 19, 


Me HO 


QOVEHOOHOQHO 


(III.) (IV.) (VI.) 
2103; Logodzinski, Ber., 1895, 28, ir idee 1905, 342, 90; 
Bistrzycki and Schepper, Ber., 1898, 34, 2790; Ullmann and 
Schmidt, Ber., 1919, 52, 2098; Simonsen and Rau, J., 1921, 119, 
1339; Simonsen, J., 1924, 125, 721; Eder and his co-workers, 
Helv. Chim. Acta, 1922, 5, 3; 1923, 6, 419, 966; 1925, 8, 126; 
Bistrzycki and Krauer, Helv. Chim. Acta, 1923, 6, 750; Adams and 
his collaborators, J. Amer. Chem. Soc., 1923, 45, 2439, 2455; 1925, 
47, 283; compare also Bentley, Gardner, and Weizmann, J., 1907, 
91, 1626) have shown that phthalic anhydride and its derivatives 
condense with phenolic ethers in the p-position to the alkyloxy- 


* The details of these experiments have not yet been published. 
4Q 
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group, provided that position is open, and with phenols in the 
o-position to the hydroxy-group, and that no condensation in the 
m-position to the alkyloxy- or hydroxy-group can be effected. 
The constitutional formula of the chlorohydroxybenzoyltoluic acid 
may therefore be either (III) or (V). As «-substituted phthalic 
anhydrides usually condense with phenol and its ethers through the 
carbonyl group adjacent to the substituent (Bistrzycki and Schepper ; 
Simonsen and Rau; Simonsen; Eder and his co-workers; Bis- 
trzycki and Krauer; Adams and his collaborators; Jocc. cit.), it is 
highly probable that the chlorohydroxybenzoyltoluic acid is 5’-chloro- 
2’-hydroxy-2-benzoyl-m-toluic acid (ITI). 

By the action of concentrated sulphuric acid (98-25%) on the 
chlorohydroxybenzoyltoluic acid, an anthraquinone derivative, 
m. p. 223—224°, was obtained, and this should be 5-chloro-8-hydr- 
oxy-1-methylanthraquinone. 

When 5’-chloro-2’-hydroxy-2-benzoyl-m-toluic acid was treated 
with concentrated sulphuric acid on the steam-bath, the greater 
part of the product was soluble in aqueous sodium carbonate. 
Two isomeric substances, differing in solubility, crystalline form, 
and in the amount of water of crystallisation of their salts, were 
obtained by fractional crystallisation of the recovered acids from 
alcohol; one melted at 171—171-5° and the other at 238—239°. The 
latter was proved to be identical with the initial substance by the 
mixed melting point method. These two isomerides are designated 
«- and §-5’-chloro-2'-hydroxy-2-benzoyl-m-toluic acid, respectively. 

After the isolation of the «- and 8-acids from the material soluble 
in sodium carbonate, the residue (C) melted at about 160—165° 
and was difficult to purify by further fractional crystallisation. 

The «-acid (m. p. 171—171-5°) was treated with concentrated 
sulphuric acid, and the isolation of the products carried out, as 
in the case of the 8-acid; the anthraquinone derivative, the 8-acid, 
unchanged «-acid, and the residue (C’), from which it was difficult 
to separate the «- and 6-acids by further fractional crystallisation, 
were then obtained. 

When treated with concentrated sulphuric acid on the steam- 
bath, the residue C or C’ gave essentially the same results as those 
obtained from the «- or the $-acid. Therefore the residues C and 
C’ seem to consist of somewhat impure mixtures of the «- and 
8-acids, and the percentages of these acids in them can be approxim- 
ately deduced from a table of melting points of mixtures of the 
two acids. 

On treating the «-acid, the ®-acid, the residue C and the residue C’ 
separately with concentrated sulphuric acid at room temperature, 
the anthraquinone derivative was not obtained, but in each case 
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the «- and §-acids could be isolated. Consequently the production 
of the anthraquinone derivative from the «- or the $-acid is preceded 
by a reversible change between these acids. 

The a- and the ®-acid, being so readily interconvertible on treat- 
ment with concentrated sulphuric acid, are probably stereo- 
isomeric, and this view is supported by the great similarity of their 
ultra-violet absorption curves. This theory of the isomerism may 
be illustrated by the following formule : 


OH Me Cl Me 
ag, and nm (VII.) 
C0,H H G0;H 


At present there is no diagnostic reaction which will enable us to 
apportion these configurations, but since in an equilibrium mixture 
of the two acids at about 100° the amount of the £-acid is very 
small and that of the «-acid is great, whilst the yield of the anthra- 
quinone derivative is relatively small, it seems probable that the 
configuration (VII) is that of the «-acid. 

The Kaufler diphenyl configuration (Annalen, 1907, 351, 151; 
Ber., 1907, 40, 3250) has been employed by Cain and his col- 
laborators (J., 1914, 105, 1437, 1442, etc.), by Turner (J., 1915, 
407, 1495), by Kenner and his co-workers (J., 1922, 124, 614; 
1923, 123, 779, 1043, 1948), by Brady and McHugh (J., 1923, 123, 
2047), by Bullock and Wilson (J. Amer. Chem. Soc., 1923, 45, 521), 
and by many other chemists to account for the stereoisomerism of 
diphenyl derivatives.* Moreover, Kaufler and Basel (Ber., 1907, 
40, 3253) and Kenner (J., 1922, 121, 614) expected the existence of 
stereoisomerides of the same kind in derivatives of diphenyl- 
methane and diphenylethane, but so far as the author is aware, 
their existence has not been reported. In the case of 5’-bromo- 
2'-hydroxy-2-benzoyl-m-toluic acid, the author obtained results 
similar to those described above in connexion with the chloro- 
derivatives. 

When 5’-chloro-2’-hydroxy-o-benzoylbenzoic acid, obtained by 
condensing phthalic anhydride with p-chloroanisole or p-chloro- 
phenol, was heated with concentrated sulphuric acid (98-25%) on 
the steam-bath, 4-chloro-1-hydroxyanthraquinone was easily ob- 
tained in 90% yield (compare Ullmann, D.R.-P. 282,493), but 
interaction over-night at room temperature gave only a 5% yield 

* More recent investigations have shown that the conception is not even 
necessary for the satisfactory explanation of the chemistry of the diphenyl 
group, and as a result of these developments in the period following the 


writing of this communication the author feels that the alternative structural 
explanation of his results requires all the more careful consideration. 
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of the anthraquinone, 92% of the original substance being recovered. 
In these experiments, two isomerides of 5’-chloro-2'-hydroxy-o- 
benzoylbenzoic acid, anticipated from the analogy with the above- 
mentioned benzoyltoluic acids, were not encountered. This cir- 
cumstance lends some colour to the view that the isomerism of 
these substituted benzoylbenzoic acids is, after all, structural in 
accordance with one of the schemes : 


HO Me HO Me 
CO CcoO— 
CYR) 7 i=@ 
Cl OH Cl OH 
| —H,0 | 
Y 
O Me OH Y Me 

ae HO-CO 

I cot > 

Y i 


Obviously, in this case the shikizarin ultimately obtained would be 
a homogeneous product, whereas the chlorohydroxymethylanthra- 
quinone might consist of two isomerides. Experience in the 
anthraquinone group suggests that such a mixture might simulate 
the behaviour of a pure substance. 

The investigation of the analogous isomerism of other derivatives 
of benzoylbenzoic acid is in progress with the object of deciding 
between the two possible interpretations of the results. 


EXPERIMENTAL. 

8-5'-Chloro-2' -hydroxy-2-benzoyl-m-toluic Acid.—3-Methylphthalic 
anhydride (10 g., m. p. 115°5—116-5°) was dissolved in acetylene 
tetrachloride (50 c.c.), mixed with p-chloroanisole (10 g.), and finely 
powdered aluminium chloride (25 g.) gradually added in the course 
of 1—1} hours, with frequent shaking, the temperature being 
maintained at 115—120° (oil-bath) during the addition and there- 
after at 120—130° for 3 hours. The product was cooled, mixed 
with ice-water and, after the addition of an excess of hydrochloric 
acid, distilled in steam in order to remove p-chloroanisole and 
acetylene tetrachloride. The solid residue was extracted several 
times with boiling ammonia solution,* and the ammoniacal extracts 

* Chlorohydroxymethylanthraquinone (7% of the theoretical) was isolated 
from the part insoluble in ammonia, and proved to be identical with the 
anthraquinone derivative, which was obtained from the a- or B-5’-chloro-2’ 
hydroxybenzoyltoluic acid, by the method of mixed melting points. 
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were freed from ammonia and cooled; the resinous substance that 
separated was removed. On acidification of the filtrate, impure 
8-5’-chloro-2’-hydroxy-2-benzoyl-m-toluic acid, m. p. about 210— 
220°, separated in 75% yield. The acid was redissolved in caustic 
alkali or in ammonia and the solution was boiled with animal 
charcoal, filtered, and acidified with hydrochloric acid; the almost 
colourless material thus precipitated was washed with water and 
crystallised from alcohol or glacial acetic acid (Found: C, 61-7; 
H, 4:0; Cl, 12-4; M, in camphor by Rast’s method, 285. C,,H,,0,Cl 
requires C, 62-0; H, 3-8; Cl, 12:2%; M, 291). This acid melts 
at 238—239°, and dissolves readily in hot alcohol or glacial acetic 
acid, but is sparingly soluble in the cold solvents. It is easily 
soluble in acetone, slightly soluble in benzene, carbon tetrachloride, 
carbon disulphide or chloroform, and very sparingly soluble in light 
petroleum or water. The yellow solution in concentrated sulphuric 
acid develops a deep red colour. The crystalline form: rhombic 
system, « P (from alcohol). The ultra-violet absorption curve of 
this acid, determined with a Hilger quartz spectrograph, shows two 
bands with heads at 2 3350 and 2860 A.U. 

In an experiment similar to that described above but starting 
from 3-methylphthalic anhydride (10 parts) and p-chlorophenol 
(9 parts), a substance, m. p. 215—225°, was isolated in 70% yield. 
(Chlorohydroxymethylanthraquinone, 7° of the theoretical quan- 
tity, was also isolated from the part insoluble in ammonia.) This 
was purified and identified as $-5’-chloro-2’-hydroxy-2-benzoyl-m- 
toluic acid, since its m. p. was not depressed on admixture with the 
8-acid. 

The sodium and barium salts were prepared by neutralising hot 
alcoholic solutions of the acid with solutions of the corresponding 
bases, and recrystallised from water by cooling their solutions with 
ice. The specimens were kept in a balance room until the weight 
was constant for a few hours [Found for the sodium salt (temper- 
ature of the room, 12°; relative humidity, 85°) : loss at 105°/10 mm., 
25-6; Na, 5-4. C,;H,,0,CINa,6H,O requires H,O, 25-7; Na, 55%. 
Found for the barium salt (temperature of the room, 11°; relative 
humidity, 84%): loss at 105°/10 mm., 166; Ba, 15:7. 
(C,;H,,0,Cl),Ba,8H,O requires H,O, 16-7; Ba, 160%]. On 
standing in the atmosphere, the water of crystallisation was gradu- 
ally lost, the more quickly the higher the room temperature. The 
sodium salt is readily soluble and the barium salt moderately 
easily soluble in water. 

«-6'-Chloro-2' -hydroxy-2-benzoyl-m-toluic Acid.—The -acid (1 g.) 
was heated with sulphuric acid (6 c.c.; 98-25%) in a boiling water- 
bath for about 1 hour. On pouring the product into ice-water, a 
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dirty green, sticky precipitate separated and after warming for a 
few minutes this was collected, washed with water by decantation, 
and stirred with an excess of dilute aqueous sodium carbonate; a 
yellow substance (20—25% yield), m. p. 220—222°, remained 
undissolved. This substance was recrystallised several times from 
glacial acetic acid and proved to be chlorohydroxymethylanthra- 
quinone (see p. 2524). From the yellow filtrate, acidified with 
hydrochloric acid, a sticky substance was precipitated which 
crystallised on being warmed for a few minutes or kept at the 
ordinary temperature for several days. The solid was collected, 
washed with water, and dried over sulphuric acid in a vacuum 
desiccator, a faintly yellow, crystalline mass being obtained (yield, 
55—75%). It sintered at about 160° and melted to a clear liquid 
at about 170°. On fractional crystallisation from alcohol, two 
forms were separated. The residue (C), from which nothing definite 
could be isolated by further recrystallisation, melted at 160—165° 
(yield, 10—30% of the 8-acid). The less soluble fraction (yield, 
about 1%), m. p. 220—235°, was recrystallised from alcohol and 
proved to be identical with the 8-acid by the mixed melting point 
method. The more soluble fraction (yield, 35—-50%) melted at 
169—171° and was recrystallised several times from aqueous 
alcohol (Found: C, 61:8; H, 3-8; Cl, by Nomura and Murai’s 
method, 11-9; M, in camphor by Rast’s method, 287. C,,H,,0,Cl 
requires C, 62-0; H, 3-8; Cl, 12:2%; M, 291). The substance is 
moderately easily soluble in benzene, dissolves to some extent in 
water, and is readily soluble in alcohol or glacial acetic acid. It 
dissolves in concentrated sulphuric acid to a deep red solution, a 
little heat being developed. Like the 8-isomeride, it is soluble in 
dilute aqueous caustic alkali to a yellow solution. Crystalline 
form: rhombic system, « P, P (from a mixture of alcohol and 
water). This acid has two absorption bands with heads at a 3390 
and 2860. 

a-5’-Chloro-2’-hydroxy-2-benzoyl-m-toluic acid was treated with 
sulphuric acid (98-25%) under the same conditions as in the case 
of the $-acid, and the separation and identification of the reaction 
products were carried out as before. In this separation the chloro- 
hydroxymethylanthraquinone and the f-acid, together with the 
initial substance, were isolated. Nothing definite could be isolated, 
by further recrystallisation, from the residue (C’). 

However, the «- and §-acids and the chlorohydroxymethyl- 
anthraquinone were isolated from the residue (C or C’) by applying 
the same method as in the preceding cases, after treatment with 
concentrated sulphuric acid (98-25%). 

In the latter three cases, the percentages of the a- and §-acids 
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and of the chlorohydroxymethylanthraquinone thus formed were 
almost the same as in the case of the $-acid. The details are given 
below in tabular form. 


TABLE I. 


Action of 98-25% Sulphuric Acid at about 95° 


Insoluble in dil. 
Na,CO, soln. (crude 


Initial anthraquinone Soluble in dilute sodium carbonate solution. 
substance. derivative). y -_ ~ 
M. p. %. M. p. %. M. p. %. 
B-Acid 220—222° 20—25 160—170° 55—75 Crudea-acid 169—171° 35—50 
Crude B-acid 220—235 1 


Residue (C) 160—165 10—30 
a-Acid 219222 20-25 158-170 60—70 Crudea-acid 168—170 30—50 
Crude B-acid 220—230 trace 
Residue (C’) 160—165 20—30 
Residue 210—220 20-25 158—170 60—70 Crudea-acid 169—170 30—50 
C or C’ Crude B-acid 220—235 
Residue 160—165 10—30 
The anthraquinone derivative was not obtained when a solution 
of the «- or the 8-acid or of the residue (C or C’) in concentrated 
sulphuric acid (98-25%) was kept over-night at room temperature 
(see Table II). This method is preferable for the preparation of 


the «-acid from the 8-acid. 


TABLE IT. 
Action of 98-25% Sulphuric Acid at Room Temperature. 


Soluble i in : dilute sodium carbonate solution. 


Initial -—— -- — a 
substance. M. p. %- M. p. , = 
B-Acid 168—170-5° 9598 Crude a-acid 170—171° 70—80 


Crude f-acid could not be separated 
Residue (D) 163—168 15—25 
a-Acid 7 re Crude a-acid 169—171° 70—80 
Crude f-acid could not be separated 
Residue (D’) 163—-168 20—25 


Residue an * Crude a-acid 169—171° 60—80 
C or C’ Crude f-acid could not be separated 
Residue 160—166 15—20 


It is clear from the data in Table IIT that the velocity of the 
reaction by which the f-acid changes to the «-acid is extremely 
rapid. 

TaBLeE III. 

The @-acid (0-1 g.) was treated with 98-25% sulphuric acid (1 ¢.c.) 

at 24° for the times stated. 


Reaction % a-Acid Reaction Y% a-Acid 
Time product, (from Time product, (from 
(mins.). m. p. Table IV). (mins.). m. p. Table IV). 
5 162-5—169° 75—80 21 165-5—168-5° — ca. 93 
10 162-5—165 ca. 80 30 165-5—169 ca. 95 


16 162 —166 ca. 85 60 168-5—170-5 ca. 98 
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TaBLE IV. 
Melting Points of Mixtures of the «- and §-Acids. 
B-Acid %. a-Acid %. M. p. B-Acid %. a-Acid %. M. p. 
0-0 100-0  171—171-5° 18-7 81-3 162—165° 
1:3 98-7 169—171 19-2 80-8 162—166 
2-4 97-6 168—170 24-2 75:8 162—200 
3°6 96-4 166—170 29-2 70:8 162—205 
9-5 90-5  163—167 40-4 59:6 162—215 
13-4 86-6 163—167 49-5 50-5 162—220 


The sodium and barium salts of the «-acid were prepared and 
analysed under conditions similar to those described for the sodium 
and barium salts of the 8-acid. The sodium salt is readily soluble 
in water and closely resembles the sodium salt of the 8-acid (Found : 
loss at 105°/10 mm., 19-0; Na, 5-9. C,;H,)0,CINa,4H,O requires 
H,0, 18-7; Na, 60%). The barium salt is moderately easily soluble 
in water and does not effloresce at about 12° [Found: loss at 
105°/10 mm., 4-7; Ba, 18-4. (C,;H,)0,Cl),Ba,2H,O requires H,0, 
4:8; Ba, 18:3%]. The solubility of the a-acid and its salts is 
generally greater than that of the 6-acid and its salts. 

Chlorohydroxymethylanthraquinone.—A mixture of «- or 8-5’ -chloro- 
2’-hydroxy-2-benzoyl-m-toluic acid (1 g.) and sulphuric acid (6 c.c. ; 
98-25%) was heated at 115—120° for about an hour, cooled, and 
added to ice-water, and the green precipitate that separated was 
collected and treated with an excess of dilute sodium carbonate 
solution. A yellow substance (yield, 65%), m. p. 220—222°, 
remained undissolved; after several recrystallisations from glacial 
acetic acid it melted at 223—224° (Found: C, 65:8; H, 3-6; Cl, 
13-3. C,;H,O,Cl requires C, 66-1; H, 3-3; Cl, 13-0%). This sub- 
stance is easily soluble in hot benzene, appreciably soluble in hot 
glacial acetic acid, and sparingly soluble in hot alcohol. It dis- 
solves with difficulty in caustic alkalis and easily in concentrated 
sulphuric acid, giving a red solution in each case. 

5 : 8-Dihydroxy-1-methylanthraquinone (8-Methylquinizarin).— 
Chlorohydroxymethylanthraquinone (1 g.) was gradually added to 
a solution of boric acid (2-4 g.) in concentrated sulphuric acid 
(10 c.c.) at 140—150°, and the whole was heated at 150—160° until 
the evolution of hydrogen chloride ceased. After cooling, the 
product was poured into ice-water, and the reddish-black precipitate 
was collected, and well washed with hot water. The substance 
was purified by dissolution in caustic soda and reprecipitation 
(yield, about 50%) and then by crystallisation several times from 
isobutyl alcohol or glacial acetic acid (Found: C, 70-6; H, 4:0. 
Cale., C, 70-9; H, 4.0%). The dark red crystals melted at 233— 
234° and at the same temperature when mixed with a specimen of 
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8-methylquinizarin (m. p. 232—233°) obtained from shikonin by 
Majima and Kuroda (loc. cit.). 

8-5’-Bromo-2’ -hydroxy-2-benzoyl-m-toluic Acid.—Aluminium chlor- 
ide (12-5 g.) was gradually added to a solution of 3-methylphthalic 
anhydride (5 g.) and p-bromophenol (7-5 g.) in acetylene tetra- 
chloride (20 c.c.), and the subsequent treatment and the separation 
of the reaction products were carried out as in the case of the 
chloro-derivative. Impure §-5’-bromo-2'-hydroxy-2-benzoyl-m-toluic 
acid, m. p. about 220—230°, was obtained in 75% yield from the 
part soluble in ammonia, and bromohydroxymethylanthraquinone 
in about 6% yield from the insoluble part. The former, after 
several crystallisations from alcohol, had m. p. 246—246-5° (Found : 
C, 53-8; H, 3-5; Br, by Nomura and Murai’s method, 23:8. 
C,;H,,0,Br requires C, 53:7; H, 3-3; Br, 23-8%). It is easily 
soluble in hot alcohol, hot glacial acetic acid or hot acetone, and 
sparingly soluble in carbon disulphide, carbon tetrachloride or 
benzene. It is very sparingly soluble in water or light petroleum. 
The solution of this acid in concentrated sulphuric acid is at first 
yellow, but soon becomes deep red. The acid is also soluble in 
dilute caustic alkali to a yellow solution. It exhibits an absorption 
band with a head at 4 3335. 

The bromohydroxymethylanthraquinone mentioned above was 
proved to be identical with bromohydroxymethylanthraquinone, 
which was obtained from «- or §-5’-bromo-2’-hydroxy-2-benzoyl- 
m-toluic acid, by the mixed melting point method. 

a-5'-Bromo-2’-hydroxy-2-benzoyl-m-toluic Acid.—After a solution 
of 8-5’-bromo-2’-hydroxy-2-benzoyl-m-toluic acid in sulphuric acid 
(6 c.c.; 98-25%) had been heated in the boiling water-bath for 
+ hour, the reaction products were treated with an excess of dilute 
sodium carbonate solution, bromohydroxymethylanthraquinone, a 
yellow substance, m. p. 187—195°, remaining undissolved (yield, 
8—10%); a crystalline mass, m. p. 157—162° (yield, 70—85%) was 
obtained from the yellow filtrate on acidification with hydrochloric 
acid. On repeated crystallisation from alcohol, two fractions were 
isolated. The less soluble crystals (about 1%) melted at 240— 
243°, and the more soluble ones (50—70%) at 161—164°. The 
former fraction was recrystallised from alcohol and proved to be 
identical with 8-5’-bromo-2’-hydroxy-2-benzoyl-m-toluic acid by 
the mixed melting point method. The latter was recrystallised 
from aqueous alcohol (Found: C, 53:7; H, 3-5; Br, by Nomura 
and Murai’s method, 24:1. C,;H,,0,Br requires C, 53-7; H, 3-3; 
Br, 23-8%). This isomeride melts at 163-5—164°, and is readily 
soluble in alcohol, glacial acetic acid, or acetone, moderately readily 


soluble in benzene, carbon disulphide, or carbon tetrachloride, and 
4Q2 
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very sparingly soluble in light petroleum or water. Its solubility 
is generally greater than that of the ®-acid. It dissolves in con- 
centrated sulphuric acid and in dilute aqueous caustic alkali, giving 
a red and a yellow solution, respectively. This acid has an absorp- 
tion band with a head at a 3345. 

The «-acid was treated with sulphuric acid (98-25%) at 100°, 
and bromohydroxymethylanthraquinone and the «- and -acids 
were then separated by applying the method used in the case of the 
B-acid. The same results were obtained from the residue (R or 
R’) (see Table V). 


TABLE V. 
Insoluble in dil. 
Na,CO, soln. (crude 
Tnitial anthraquinone Soluble in dilute sodium carbonate solution. 
substance. derivative). 
M. p. %. M. p. %. M. p. » 
B-Acid 187—195° 8—10 157—162° 70—85 Crudea-acid 161—164° 50—70 


Crude B-acid 240—243 1 

: Residue (R) 158—161 10—25 

a-Acid 188—194 5—10 159—162 70—85 Crudea-acid 163—164 50—70 
Crude f-acid very small 

Residue (R’) 158—161 10—25 

Residue 187—195 5—10 158—161 70—85  Crudea-acid 163—164 40—70 

R or R’ Crude B-acid 240—245 1 

Residue 158—161 10—30 


The Sodium and Potassium Salts of «- and 8-5'-Bromo-2' -hydroxy- 
2-benzoyl-m-toluic Acids.—These salts were prepared by neutralising 
hot alcoholic solutions of the acids with solutions of the correspond- 
ing alkali hydroxides, and recrystallised from water by cooling in 
ice. After standing in a balance room until the weight was constant 
for a few hours, they were analysed (Temp. of room, 6°; relative 
humidity, 87%. Found for sodium salts of «-acid and of £-acid, 
respectively : loss at 105°/10 mm., 17-0 and 23-5; Na, 5-4 and 5-0. 
C,;H,,0,BrNa,4H,O and C,;H,,0,BrNa,6H,O respectively require 
H,0, 16-8 and 23-2; Na, 5-4 and 4:9%. Temp. of room, 11°; 
relative humidity, 83%. Found for potassium salts of «-acid and 
of ®-acid, respectively : loss at 105°/10 mm., 4-3 and 12-4; K, 9-8 
and 9-1. C,,;H,,O,BrK,H,O and C,,H,,O,BrK,3H,O respectively 
require H,O, 4-6 and 12-7; K, 10-0 and 9-2%). The two sodium 
salts and the $-potassium salt gradually lost their water of crystal- 
lisation in the air. 

Bromohydroxymethylanthraquinone.—The above-mentioned anthra- 
quinone derivatives obtained from «- and 8-5’-bromo-2’-hydroxy- 
2-benzoyl-m-toluic acids and the residues (R and R’) crystallised 
separately from isobutyl alcohol in yellow crystals, m. p. 198— 
198-5°, and were proved to be identical with each other by the 
mixed melting point method (Found: C, 56:7; H, 3-0; Br, by 
Nomura and Murai’s method, 25-15. C,;H,O,Br requires C, 56:8; 
H, 2-9; Br, 252%). This bromohydroxymethylanthraquinone is 
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easily soluble in benzene, glacial acetic acid, isobutyl alcohol, 
carbon disulphide, carbon tetrachloride, and acetone when the 
solvents are hot. It is moderately readily soluble in alcohol and 
sparingly soluble in light petroleum. It dissolves to a slight extent 
in dilute aqueous caustic alkali and easily in concentrated sulphuric 
acid, giving red solutions. 


In conclusion, the author wishes to express his gratitude to 
Professor Rik6é Majima, at whose suggestion this investigation was 
made, for his advice and helpful criticism, to Dr. Hiroshi Nomura 
for the micro-analyses, to Saichir6 Nagami Rg. s. for the spectro- 
graphic investigation, and to Kenjiré Katé Rg. s. for the crystallo- 
graphic measurements. 
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CCCXXXVII.—Reactions of Thiosemicarbazones. 
Part III. 


By Wr11am Barrp, Rosert Burns, and ForsyTH JAMES 
Wrson. 


Ir has been found that the sodium derivative of acetonethiosemi- 
carbazone reacts with ethyl, propyl, allyl, and butyl halides, also 
with ethyl w-bromo-o-toluate, to give S-alkyl compounds of the 
type CMe,:N:N:C(SR)-NH,. Whilst S-benzylthiosemicarbazide (J., 
1922, 121, 870) gave a monohydrochloride only and the benzylidene 
derivative was non-basic, the S-alkylthiosemicarbazides described 
in this paper are diacid bases giving dihydrochlorides of the type 
NH,*N:C(SR)-NH,,2HCI, which were obtained from the parent 
compounds by hydrolysis with acid. The benzylidene derivatives 
are monoacid bases and were obtained as monohydrochlorides, 
CHPh:N-N:C(SR):NH,,HCl. These acetone- and benzaldehyde-S- 
alkylthiosemicarbazones melt at much lower temperatures than the 
thiosemicarbazones themselves and it therefore appears probable 
that the thiosemicarbazones contain the group —C:S and not -C-SH. 

Whilst the sodium derivative of acetonethiosemicarbazone reacts 
with esters of «-halogenated monobasic acids to produce cyclic 
compounds (J., 1923, 123, 799), esters of B- and y-halogenated 
monobasic acids behave quite differently. With ethyl #-chloro- 
n-butyrate and ethyl $-bromo-8-phenylpropionate, elimination of 
hydrogen halide as sodium halide occurred with formation of 
acetonethiosemicarbazone and the unsaturated ester, ethyl croton- 
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ate and ethyl cinnamate, respectively : ethyl y-chloro-n-butyrate, 
ethyl y-chloro-n-valerate, and ethyl y-chloroisohexoate reacted in 
a similar way. These reactions were carried out in alcoholic 
solution; in benzene suspension, no reaction took place even after 
several hours’ boiling. 

The interaction of thiosemicarbazones and primary amines, 
when hot, takes place according to the scheme CRR’-N-NH-CS-NH, 
+R”NH, = CRR’N-NH:CS:‘NHR” + NHs, yielding 8-substituted 
thiosemicarbazones with the alkyl or aryl group attached, not to 
sulphur as in the preceding cases, but to nitrogen. The reaction 
is similar to that between semicarbazones and primary amines 
investigated by Borsche and others (Ber., 1901, 34, 4299; 1904, 
37, 3177; 1905, 38, 83) and by workers in these laboratories; 
thiosemicarbazones, however, react much more slowly. Acetone- 
thiosemicarbazone was chiefly employed, the amines being benzy]- 
amine, «-phenylethylamine, aniline, §-naphthylamine, and n-heptyl- 
amine. These 3-substituted thiosemicarbazones on hydrolysis with 
dilute hydrochloric acid yielded the corresponding thiosemicarb- 
azide hydrochlorides, NH,-NH:CS‘NHR”,HCI, with the exception 
of the 8-naphthy! derivative, which suffered further decomposition ; 
from these hydrochlorides the thiosemicarbazides were obtained. 
That these compounds contain the substituent in the 8-position is 
evident from the fact that acetonethiosemicarbazone and aniline 
yielded a product identical with a specimen of acetone-8-phenyl- 
thiosemicarbazone prepared in the usual way; also 8-benzylthio- 
semicarbazide, synthesised from benzylthiocarbimide and hydrazine 
hydrate, CH,Ph-NCS + NH,*NH, = CH,Ph:NH-CS:NH:NH, (a 
general reaction for the preparation of such substances), was 
identical with the compound obtained by us. 

It is hoped to prepare the optically active 3-«-phenylethylthio- 
semicarbazides and to investigate possible applications of these 
compounds. 

EXPERIMENTAL. 

The Reaction between the Sodium Derivative of Acetonethiosemi- 
carbazone and Alkyl Halides.—Procedure. Alcoholic solutions of 
acetonethiosemicarbazone and sodium ethoxide (equimolecular 
quantities) were mixed, boiled for 10 minutes, and cooled, the 
alkyl halide (1 mol.) was then added, and after 12 hours the mixture 
was heated under reflux for 15 minutes. The solution was then 
evaporated to dryness under reduced pressure and the acetone- 
S-alkylthiosemicarbazone was separated from the sodium halide 
and acetonethiosemicarbazone by dissolving it in ether; after 
evaporation of the ether, it was recrystallised from light petroleum. 
These compounds were readily soluble in the usual organic solvents. 
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Hydrolysis was effected by boiling under reflux for 15 minutes 
with 0-5N-hydrochloric acid; unchanged substance and any 
mercaptan formed were then removed by extraction with ether, 
the acid solution was concentrated under reduced pressure, and 
the S-alkylthiosemicarbazide dihydrochloride obtained in the solid 
form by keeping the residual syrup over sulphuric acid or phos- 
phorus pentoxide in an evacuated desiccator. These dihydro- 
chlorides were very hygroscopic and very soluble in water. 

The benzylidene monohydrochloride was obtained by shaking 
an aqueous solution of the dihydrochloride with a little benzalde- 
hyde, washing the product with a little ether, and then precipitating 
it from alcoholic solution by addition of ether. These compounds 
were readily soluble in alcohol and sparingly soluble or insoluble 
in benzene, ether, and water. The benzylidene derivative itself 
was obtained by treating the monohydrochloride with the necessary 
quantity of sodium carb6nate in aqueous-alcoholic solution, evapor- 
ating the solution to dryness under reduced pressure, extracting 
the residue with ether, and, after evaporation of the ether, re- 
crystallising the product from light petroleum. These derivatives 
were soluble in the usual organic solvents. 

With ethyl bromide. Acetone-S-ethylthiosemicarbazone formed flat, 
transparent prisms, m. p. 55°, having a slight, unpleasant odour 
(yield, 65—70%) (Found: N, 26-4. C,H,,N,S requires N, 26-4%). 
S-Ethylthiosemicarbazide dihydrochloride was obtained as a white 
powder after being kept for several weeks over phosphorus pent- 
oxide; it melted indefinitely at about 60° (Found: HCl, 37-7. 
C,;H,N,S,2HCI requires HCl, 38-0%). Benzaldehyde-S-ethylthiosemi- 
carbazone hydrochloride formed fine, colourless needles, m. p. 195° 
(Found: N, 17-2. Cy, 9H,3N,8,HCl requires N, 17-2%); benzalde- 
hyde-S-ethylthiosemicarbazone formed flat prisms, m. p. 66° (Found : 
N, 20-2. C,)9H,3N,8 requires N, 20-3%). 

With propyl bromide. Acetone-S-propylthiosemicarbazone distilled 
at 121°/7 mm.; the distillate solidified on cooling in carbon dioxide 
and ether and then melted at 26—27° (Found: N, 24-2. C,;H,,N,S 
requires N, 24:3%). S-Propylthiosemicarbazide dihydrochloride was 
a thick syrup which would not solidify (Found: HCl, 35-3. 
C,H,,N,8,2HCl requires HCl, 35:-4%). Benzaldehyde-S-propylthio- 
semicarbazone hydrochloride formed lustrous needles, m. p. 209° 
(Found: N, 16:3. C,,H,;N,8,HCI requires N, 16-3%); benzalde- 
hyde-S-propylthiosemicarbazone formed short prisms, m. p. 54° 
(Found: N, 18-9. C,,H,;N,8 requires N, 19-0%). 

With allyl iodide. Acetone-S-allylthiosemicarbazone crystallised 
in flat, transparent prisms (yield, 75%), m. p. 51° (Found: N, 
24-5. C,H,,N,S requires N, 24-6%). S-Allylthiosemicarbazide di- 
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hydrochloride, a crystalline mass, melted at 75° (Found: HCl, 35-4. 
C,H,N,S,2HCI requires HCl, 35-9%). Benzaldehyde-8-allylthiosemi- 
carbazone hydrochloride formed lustrous plates, m. p. 190° (Found : 
HCl, 14:2; N, 16-2. C,,H,,N,8,HCl requires HCl, 14-3; N, 16-4%); 
benzaldehyde-S-allylthiosemicarbazone formed transparent, rhombic 
prisms, m. p. 42° (Found: N, 19-0. C,,H,,N,8 requires N, 19-2%). 

With n-butyl bromide. Acetone-S-butylthiosemicarbazone, a colour- 
less oil of b. p. 146°/16 mm., did not solidify when strongly cooled 
and became slightly coloured on standing (Found: N, 22-4. 
C,H,,N,8 requires N, 22-5%). S-Butylthiosemicarbazide dihydro- 
chloride formed a crystalline mass, m. p. 100—101° (decomp.) 
(Found: HCl, 33-1; N, 19-1. C;H,,N,8,2HCl requires HCl, 33-2; 
N, 19:1%). Benzaldehyde-S-butylthiosemicarbazone was obtained as 
a viscid oil which solidified on cooling in ether and carbon dioxide; 
the solid, after being pressed on porous tile, crystallised from light 
petroleum in transparent prisms, m. p. 50° (Found: N, 17°8. 
C,.H,,N,8 requires N, 17-9%). 

With ethyl w-bromo-o-toluate. Acetone-S-o-carbethoxybenzylthiosemi- 
carbazone, CMe,.N-N:C(S-CH,°C,H,°CO,Et)-NH,, formed pale yellow, 
transparent prisms, m. p. 66°, from light petroleum containing a 
little benzene; yield, 70% (Found: N, 14:3. C,,H,,0,N,8 re- 
quires N, 14:3%). S-o-Carbethoxybenzylthiosemicarbazide dihydro- 
chloride, NH,*N:C(S:CH,°C,H,°CO,Et)-NH,,2HCl,a crystalline mass, 
melted at 125—130° (decomp.) (Found: HCl, 22:2; N, 12-7. 
C,,H,,0,N,8,2HCI requires HCl, 22-4; N, 12:9%). Benzaldehyde- 
S-o-carbethoxybenzylthiosemicarbazone hydrochloride formed lustrous, 
white plates, m. p. 115°, containing 1H,O (Found: HCl, 8-7; N, 
10-5. C,,H,,0,N,S,HC1,H,O requires HCl, 9-2; N, 10-6%); benz- 
aldehyde-S-o-carbethoxybenzylthiosemicarbazone crystallised from light 
petroleum, containing a little benzene, in short, transparent prisms, 
m. p. 74° (Found: N, 12-2. C,.H,,0,N,S requires N, 12-3%). 

Interaction of Thiosemicarbazones and Primary Amines when 
Hot.—Procedure. With one exception (acetophenonethiosemicarb- 
azone, as noted below), acetonethiosemicarbazone was used through- 
out. Equimolecular quantities of the reactants were heated under 
reflux in toluene solution or suspension at 125—130° until evolution 
of ammonia ceased ; if necessary, the solution was then evaporated 
under reduced pressure. Hydrolysis was effected by refluxing with 
6% hydrochloric acid, followed, if necessary, by evaporation under 
reduced pressure. 

With benzylamine (20 hours). On cooling, acetone-8-benzylthio- 
semicarbazone and a little unchanged substance separated. The 
product was crystallised from alcohol (prismatic needles) and then 
from benzene (plates); it melted at 147—148°, had a slightly 
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creamy tint, and was insoluble in ether and light petroleum (yield, 
65%) (Found: N, 18-9; 8S, 14-4. C,,H,,N,S requires N, 19-0; 
S, 14.5%). After hydrolysis (1 g.; 20 c.c. of acid; 20 minutes) 
the solution, which contained acetone as shown by distillation, 
was filtered from a small amount of insoluble matter and evapor- 
ated after removal of the crystals which separated on cooling. 
The residue and the crystals were united and extracted with abso- 
lute alcohol to remove hydrazine hydrochloride; the alcoholic 
extract on cooling deposited 8-benzylthiosemicarbazide hydrochloride 
in colourless plates, of m. p. 189° (decomp.) after recrystallisation 
(yield, 87%). It was insoluble in ether and benzene, but soluble 
in warm water (Found: Cl, 16-2. C,H,,N,S,HCl requires Cl, 
16:3%). The formation of hydrazine hydrochloride and an odour 
of cress (due probably to thiocarbimide) after the hydrolysis showed 
that some decomposition had occurred. 8-Benzylthiosemicarbazide 
was obtained by boiling 0-8 g. of the hydrochloride with 20 c.c. of 
water for 5 minutes (an odour of thiocarbimide was apparent) ; 
the base deposited on cooling was recrystallised from absolute 
alcohol and then from benzene. It formed glistening leaves (yield, 
76%), m. p. 130°, insoluble in light petroleum and slightly soluble 
in ether and water. The aqueous solution gave a white precipitate 
with silver nitrate (Found : N, 23:2. C,H,,N,S requires N, 23-2%). 
The benzylidene derivative, prepared from benzaldehyde and the 
base or the hydrochloride in aqueous-alcoholic solution, crystallised 
from light petroleum-alcohol in long, matted needles, m. p. 133— 
134° (Found: N, 15-7. C,;H,,N,S requires N, 15-6%). 8-Benzyl- 
thiosemicarbazide, identical with the specimen just described 
(mixed m. p. test), was prepared in good yield by mixing equ:- 
molecular quantities of benzylthiocarbimide and hydrazine hydrate 
in ice-cold alcoholic solution. Heat was developed and the sub- 
stance, which soon separated, was recrystallised from alcohol 
(tabular prisms) and then from benzene (leaves); both forms 
melted at 130°. 

Acetophenonethiosemicarbazone and benzylamine reacted much 
more slowly (42 hours). Acetophenone-8-benzylthiosemicarbazone, 
which separated on cooling (a little more was obtained by evapor 
ation), crystallised from benzene as a mass of fine, colourless needles, 
m. p. 157—159°, and from alcohol in colourless plates, m. p. 160— 
161° (yield, 85%) (Found: N, 14-9; S, 11-2. C,,H,,N,S requires 
N, 14:8; S, 113%). The hydrolysis (1 g.; 20 c.c. of acid; 44 
hours), which was slow and incomplete, gave acetophenone and 
8-benzylthiosemicarbazide hydrochloride besides hydrazine hydro- 
chloride and benzylthiocarbimide. 

With «-phenylethylamine (35} hours). The solution after filtration 
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from a small quantity of insoluble matter and evaporation left a 
viscid oil which set to a transparent resin on cooling. The solution 
of this in a little hot absolute alcohol deposited crystals of acetone- 
3-a-phenylethylthiosemicarbazone after cooling and scratching; re- 
crystallisation from alcohol gave colourless, tabular prisms, m. p. 
89—90° (yield, 66%) (Found: N, 180; S, 13-8. C,,H,,N,S 
requires N, 17-9; S, 13-6%). The substance was fairly soluble 
in benzene, sparingly soluble in light petroleum, and could be 
crystallised from a mixture of these solvents. The solution obtained 
by hydrolysis (1 g.; 20 c.c. of acid; 17 minutes) contained acetone 
and had an odour of thiocarbimide; a small quantity of an oil 
which was deposited on cooling was removed. The residue obtained 
by evaporation of the solution was dissolved in hot alcohol—benzene, 
and concentration in a vacuum then gave small, colourless plates of 
3-a-phenylethylthiosemicarbazide hydrochloride, m. p. 157—158° (yield, 
80%) (Found: Cl, 15-5. C,H,,N,8,HCl requires Cl, 15-3). The 
benzylidene derivative, prepared in the usual way, tended to separate 
as an oil but formed colourless plates, m. p. 128—129°, from light 
petroleum (Found: N, 15-0. C,,H,,N,S requires N, 14-:8%). An 
aqueous solution of the hydrochloride was boiled with barium 
carbonate, and the residue obtained by evaporation of the filtrate 
under reduced pressure was extracted with benzene. This extract, 
after drying and spontaneous evaporation in a vacuum, gave an 
oil which solidified on standing; recrystallisation from alcohol- 
light petroleum gave a crystalline mass of 8-«-phenylethylthiosemi- 
carbazide, m. p. 84°, which was extremely soluble in alcohol and 
sparingly soluble in light petroleum (Found: N, 21-6. C,H,,N,8 
requires N, 21-5%). 

With aniline (20 hours at 120—125° and 17 hours at 130—135°). 
Some hydrogen sulphide was evolved and a small amount of in- 
soluble matter separated. After cooling and filtration, the toluene 
was evaporated, leaving a viscid oil which solidified on cooling 
and scratching. Recrystallisation from alcohol gave plates (yield, 
only 30%) of acetone-8-phenylthiosemicarbazone, which was identi- 
fied by comparison with an authentic specimen. The insoluble 
matter after recrystallisation from alcohol gave glistening leaves, 
softening at about 235° and melting at 245°. The quantity obtained 
was too small for identification. 

With 8-naphthylamine (18 hours). An appreciable quantity of 
an insoluble substance was formed, and hydrogen sulphide and 
ammonia were evolved. The substance was collected and after 
extraction with boiling absolute alcohol was crystallised from 
alcohol-pyridine. The colourless crystals softened and darkened 
at about 266° and melted at about 275° (Found: N, 15-5%). 
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This substance may be di-§-naphthyliminotetrahydrothiodiazole 
(CygH,gN,S requires N, 15-2%) produced from acetone-8-8-naphthyl- ° 
thiosemicarbazone by the reaction 2CMe,:-N-NH:CS-NH-C,,H, = 
CMe,:N:N:CMe, ++ C,)H,*-NH:CS‘NH:NH‘CS:NH-C,,H,, the hydr- 
azinedithiocarbo-8-naphthylamide then giving di-§-naphthylimino- 
NH-C:N:C,9H, 
tetrahydrothiodiazole, | >S , and hydrogen sulphide 
NH-C:N‘C,,H, 
(compare Busch and Schmidt, Ber., 1913, 46, 2241, on the corre- 
sponding phenyl derivatives; also Pulvermacher, Ber., 1894, 27, 
616). The toluene solution on cooling in ice deposited a substance 
which, after repeated recrystallisation from alcohol, benzene, and 
finally from alcohol to remove a little insoluble matter, gave yellow 
plates (yield, 60°%,) of acetone-8-8-naphthylthiosemicarbazone, m. p. 
150—151°; from benzene it separated apparently amorphous, 
m. p. 137—138° (Found: N, 16-4. C,,H,;N,S requires N, 16:3%). 
The substance was easily soluble in hot alcohol and hot benzene. 
Hydrolysis with acid gave acetone, hydrazine hydrochloride, a 
small amount of an unidentified hydrochloride which softened at 
175° and decomposed at 190°, and also a substance insoluble in 
water and alcohol. The last substance separated from alcohol- 
pyridine as a white, apparently amorphous powder, which began 
to decompose at about 220° and finally melted at 252°; it became 
slightly pink on standing (Found: N, 13-7. C,. .H,,N,S8, requires 
N, 13:9%). It is believed to be hydrazinedithiocarbo-B-naphthyl- 
amide, formed by decomposition of 8-8-naphthylthiosemicarbazide 
hydrochloride : 2(NH,*NH-CS:NH-C,,H,,HCl) = 
C,)H,-NH:CS-NH-NH:CS:NH-C,,H, + N,H,,2HCI. 

With n-heptylamine (21} hours). The toluene solution on evapor- 
ation left a viscid oil which crystallised on cooling. On dissolving 
this in hot absolute alcohol and cooling the solution in ice, acetone- 
3-heptylthiosemicarbazone separated, and recrystallisation from light 
petroleum gave silvery, glistening plates (yield, 65%), m. p. 75° 
(Found: N, 18-4. C,,H,3N,8 requires N, 183%). The substance 
was easily soluble in benzene, ether, and carbon tetrachloride, and 
moderately or slightly soluble in other organic solvents. The 
solution obtained by hydrolysis (1 g.; 20 c.c. of acid; 10 minutes) 
contained acetone, and on cooling, 3-heptylthiosemicarbazide hydro- 
chloride separated. This, on recrystallisation from light petroleum 
containing a little alcohol, formed silvery, glistening leaves, m. p. 
135—136°, which were easily soluble in hot water, very soluble in 
alcohol, and insoluble in other common solvents (Found: N, 18-5. 
C,H, ,N,8,HCl requires N, 186%). The benzylidene derivative 
formed matted needles, m. p. 73°, from light petroleum (Found : 
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N, 15-3. C,;H.,N,5S requires N, 15-2%). 8-Heptylthiosemicarbazide, 
which formed silky, glistening, acicular plates, m. p. 54—55°, was 
prepared by boiling the hydrochloride with sodium carbonate in 
aqueous-alcoholic solution; the solution was filtered from the 
excess of sodium carbonate and allowed to evaporate spontaneously 
in a vacuum; extraction of the residue with hot light petroleum 
and recrystallisation from the same solvent gave the desired product 
(Found: N, 22-3. C,H, N.S requires N, 22-2%). 


In conclusion, we desire to thank the Governors of this College 
for Research Assistantships which have enabled two of us (W. B. 
and R. B.) to take part in this investigation. We wish also to thank 
the Carnegie Trust for the Universities of Scotland for a research 
grant which has partly defrayed the cost of this work. 
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CCCXXXVIII.—The Atomic Weight of Antimony 
from Different Sources. 


By Kotar RAMAKRISHNAIYER KRISHNASWAMI. 


THREE determinations of the atomic weight of antimony have been 
made during the last seven years. Willard and McAlpine (J. Amer. 
Chem. Soc., 1921, 43, 797) obtained the value 121-773, Weatherill 
(ibid., 1924, 46, 2437) 121-748, and Hénigschmid, Linhard, and 
Zintl (Z. anorg. Chem., 1924, 136, 257) 121-76. These figures are 
in good agreement, but in each case the antimony used was obtained 
from Kahlbaum. Muzaffar (J. Amer. Chem. Soc., 1923, 45, 2009) 
has, however, published results for antimony from Brazil and other 
sources for which he obtained values varying from 121-444 to 
122-374. 

In order to see if similar variations were to be found with anti- 
mony from a different part of the world, determinations have been 
made with four ores of Indian and Burmese origin, whilst for com- 
parison parallel determinations have been conducted with a sample 
of Kahlbaum’s antimony. The results agree very closely with those 
of the three observers mentioned above, and the variation for 
different ores is within the limit of experimental error. 


EXPERIMENTAL. 


A few trials were made of Muzaffar’s method, but in spite of its 
apparent simplicity certain disadvantages became evident in prac- 
tice, and it was abandoned. These attempts will be referred to 
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later. The method of Willard and McAlpine was then adopted in 
its entirety and found very satisfactory : Antimony tribromide is 
prepared in an atmosphere of nitrogen and distilled in a vacuum 
into a bulb which is sealed, weighed, and finally broken under a 
solution of tartaric acid; the quantity of bromine is then estimated 
by conversion into silver bromide, the amount of silver required 
being determined nephelometrically or weighed as bromide. Refer- 
ence is only made to details in procedure when this differs in any 
way from that given by the above authors. The whole of the 
apparatus used in the course of the experiments was constructed 
from Pyrex or the very resistant T-glass of Greiner and Friedrichs. 

Preparation of Materials —The water, bromine, potassium brom- 
ide, sodium chloride, nitric acid, tartaric acid, and sodium and 
potassium cyanides required in this research were purified by the 
methods given by Willard and McAlpine. Silver was prepared from 
silver nitrate according to the procedure of Richards and Wells 
(J. Amer. Chem. Soc., 1905, 27, 459), but in most of the experiments 
Johnson and Matthey’s “ chemically pure ”’ silver was used after 
being washed with absolute alcohol and ether and fused on a lime 
support, for the two samples were found to give almost identical 
results. 

Hydrogen was generated by electrolysis of a 15% solution of 
sulphuric acid between platinum electrodes, and purified by 
passage over heated platinised asbestos and copper gauze, bubbling 
through a 20% solution of caustic potash containing some dissolved 
lead oxide, and drying by passage over phosphorus pentoxide (see 
Noyes, Bull. Bureau Standards, IV, 179). 

Nitrogen was prepared in an all-glass apparatus by passing a 
mixture of air and ammonia over heated copper, and purified 
according to the method of Richards and Krepalka (J. Amer. Chem. 
Soc., 1920, 42, 2225). 

Balance and Weighing.—A long-beam Oertling balance was em- 
ployed. Successive weighings of the same object, which were made 
by substitution, agreed to 0:02 mg. The weights were carefully 
calibrated, and counterpoises were used whenever necessary. Cal- 
cium chloride was kept in the balance case and 50% humidity was 
assumed when calculating the vacuum correction. 

Preparation of Antimony.—Five specimens of antimony were 
prepared from the following sources: (1) Kahlbaum’s purest anti- 
mony trioxide, (2) stibnite from the Mysore State, (3) cervantite 
from the same area, (4) stibnite from the Amherst District in Burma, 
and (5) stibnite from the Southern Shan States. 

The method of preparation of the metal was the same in all the 
cases. About 500 g. of the finely powdered material were digested 
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with hot concentrated hydrochloric acid in successive portions until 
extraction was practically complete. The excess of acid was dis- 
tilled off and the antimony trichloride distilled 4 or 5 times. It 
boiled regularly at 210—211°/680 mm., and was always obtained 
as a clear, pale yellow liquid solidifying to an ivory-white solid. 
The further steps were according to the method devised by Groschuff 
(Z. anorg. Chem., 1918, 103, 168): The trichloride is treated with 
chlorine and hydrogen chloride to give chloroantimonic acid, 
SbCl;,HC1,4H,O; this is dissolved in a little water, and large 
dilution with water then precipitates antimonic acid, which is 
washed, evaporated to dryness with nitric acid to expel the last 
traces of chlorine, and ignited. The oxide thus obtained is reduced 
with sodium cyanide in a porcelain beaker in a muffle furnace at 
about 650°. The buttons of metal obtained are cleaned as recom- 
mended by Muzaffar, powdered in an agate mortar, dried in a 
current of hydrogen at 400°, and sealed in the containing tube. 

Preparation of Antimony Bromide.—Antimony bromide was pre- 
pared exactly according to Willard and McAlpine’s instructions, the 
only modification being the use of a mercury-vapour pump for the 
complete evacuation of the apparatus. 

Purity of the Silver—As a check on the purity of the silver, the 
ratio AgCl : Ag was determined by following exactly the procedure 
of Richards and Wells (loc. cit.). This work, and all subsequent 
operations in which silver salts were involved, was done in a special 
laboratory illuminated by ruby light. Table I shows the results of 
several determinations. 


TaBLeE I. 
Ratio AgCl: Ag. 
Wt. of Wt. of 100 x Wt. of Wt. of 100 x 
Ag, g. Ag(Cl, g. AgCl/Ag. Ag, g. AgCl, g. AgCl/Ag. 
7-49956 9-96437 132-866 7-57600 10-06474 132-850 
7°41387 9-85066 132-867 7-74410 10°32871 132-862 
7-59879 10-09663 132-870 7-48068 9-93930 132-866 


The first two experiments were made with silver from silver 
nitrate, and the remainder with Johnson and Matthey’s pure silver, 
which is evidently of a remarkable degree of purity for a com- 
mercial article. The mean value obtained by Richards and Wells 
was 132-864, and thus the agreement is as close as can be expected. 

Weighing and Analysis of Antimony Bromide.—In this part of 
the work, also, the general method adopted was the one used both 
by Willard and McAlpine and by Hénigschmid. After being cleaned 
and dried as recommended by Baxter (Proc. Amer. Acad. Arts Sci., 
1924—-25, 60, 228), the bulb containing the antimony bromide was 
suspended from the balance by means of a platinum wire and 


OF ANTIMONY FROM DIFFERENT SOURCES. 2537 


weighed in air and under water. The platinum wire also was 
weighed in air and in water with the same portion of it immersed 
as when the bulb was weighed under water. The bulb was then 
broken with a Pyrex rod under a solution of tartaric acid (250 c.c. 
of 4—5% solution) in a thick-bottomed, tall beaker. Solution was 
complete in about 10 hours. 

In Expts. Nos. 1—6, the solution was passed through a Gooch 
crucible to collect the glass. Subsequently, a silica crucible with a 
porous sintered bottom was used and proved much more satisfactory. 
In both cases, the glass was ignited to a dull red heat before weigh- 
ing. Its density was determined and found to be 2-56 g. per c.c. 
(T-glass). 

The analysis of the antimony bromide was effected by deter- 
mination of the ratio SbBr, : 3AgBr, and in two cases of the ratio 
SbBr, : 3Ag in addition. For the latter purpose a nephelometer of 
the Kober type with a Klett top-reader was used. 

The gravimetric determination was at first (Expts. 1—6) carried 
out exactly in accordance with the description given by the authors 
already mentioned. A Gooch crucible was used, and the solution 
was refiltered through a small filter-paper to secure any particles of 
asbestos. As the volume of the solution was about 700 c.c., this 
was a tedious operation. A great improvement was effected by the 
use of a Jena-glass crucible with a sintered bottom. In these 
experiments, the silver bromide was dried for 14—18 hours at 180°, 
and the moisture content determined by fusing the bulk of the 
precipitate in a porcelain crucible. Subsequently, the drying was 
conducted at 300° for 12—18 hours, as recommended by Honig- 
schmid, and the loss on fusion of the bromide was then found to be 
negligible, so that it was not determined in every case. The bromide 
was, however, always fused and its appearance after fusion noted ; 
it was found that when dark spots or a discoloration appeared (due 
to traces of silver nitrate) a low value for the atomic weight was 
usually obtained. Such experiments are distinguished by an 
asterisk in the following table, and are not included in calculating 
the means. In all other cases, the fused silver bromide was quite 
clear. 

Table IT gives the results of the determinations. For calculating 
the atomic weight, the values Ag = 107-880, Br = 79-920 have 
been adopted. ' 

In Expts. 7 and 8, the ratio SbBr, : 3Ag was determined by the 
nephelometer before filtering the silver bromide. The values 121-751 
and 121-735 were found for the atomic weight, the agreement with 
the gravimetric value being fair. It was not, however, considered 
necessary to determine this ratio in every case, as it is sufficient for 
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TaBeE II, 
Expt. Wt.of SbBr,, Wt. of AgBr, Atomic weight 
No. g. g. SbBr, : 3AgBr. of Sb. 
Kahlbaum’s Antimony Trioxide. 

1 4-44079 6-92064 0-641664 121-753 

2 3-15437 4-91639 0-641603 121-719 * 

3 3°64246 5-67747 0-641566 121-701 * 

4 3°97152 6-18954 0-641650 121-746 

5 3-47255 541185 0-641654 121-750 

6 3-80868 5-93549 0-641679 121-762 

7 3-44766 5-37296 0-641669 121-756 

8 4-12164 642335 0-641665 121-754 

Mean 121-754 
Mysore Stibnite. 

9 4-29146 6-68901 0-641569 121-700 * 
10 4-03746 6-29236 0-641645 121-743 * 
11 3°85444 6-00720 0-641637 121-738 
12 425750 6-63517 0-641656 121-749 
13 4-16876 6-49684 0-641659 121-751 
14 3-40170 5-30160 0-641636 121-738 

Mean 121-744 

Mysore Cervantite. 
15 335625 5-23081 0-641631 121-735 
16 3°98107 6-20437 0-641659 121-751 
17 3°82381 5-95934 0-641650 121-746 
Mean 121-744 

Amherst Stibnite. 

18 4-61169 7-18715 0-641657 121-750 
19 4-61851 7-19785 0-641651 121-746 
20 4-11282 6-40990 0-641635 121-737 
21 3-50233 5-45818 0-641666 121-755 
22 3-98801 6-21524 0-641650 121-745 
Mean 121-747 

S. Shan States Stibnite. 
23 3°74847 584185 0-641658 121-750 
24 4-94145 7°70114 0°641652 121-747 
25 3°82442 5-96012 0-641668 121-756 


Mean 121-751 


the present purpose to compare the relative values for the different 
samples of antimony, the absolute value of the atomic weight being 
of secondary importance. 

The mean results show an extreme variation of 0-010 in the 
atomic weights; this is considerably less than the variation among 
individual experiments and may reasonably be ascribed to experi- 
mental error. The difference between these results and those of 
Muzaffar is considerable, this author having found a variation of 
0-93 unit in the atomic weight of different samples of antimony. 
His individual results are not very concordant, the ratio 3Sb : KBrO, 
ranging from 2-1802 to 2-1875 in the case of one sample, corre- 
sponding with 0-41 unit in the atomic weight, whilst the preliminary 
determination of the ratio 3As,0, : 4K BrO, gave results fluctuating 


STUDIES OF DYNAMIC ISOMERISM. PART XXIV. 25389 


over a range of 0-4%, showing that one of these materials was not 
very pure, or that the end-point of the reaction was not definite. 

An attempt was made to investigate the bromate method as 
conducted by Muzaffar, but a difficulty was experienced in dis- 
solving the pure antimony in concentrated sulphuric acid except by 
very prolonged boiling. On cooling, the mass became semi-solid, 
and although solution could be effected by the addition of a little 
water, too much water produced a precipitate and transference was 
troublesome. As Muzaffar gives no details of manipulation, it was 
considered preferable to make use of a method which had been 
fully described and experiments by the bromate method were not 
continued. 

Summary. 

The atomic weight of antimony has been determined in five 
samples, one from Kahlbaum and the others from India and Burma. 
Willard and McAlpine’s method was used, and the results ranged 
from 121-744 to 121-754. These are in good agreement with the 
best previous determinations; there is no indication that the vari- 
ation is due to a change in atomic weight, and in any case such 
variation does not exceed 0-01 unit for the samples examined. 


In conclusion, I wish to express my gratitude to Professor H. E. 
Watson for his valuable suggestions during the course of this work, 
and to the Directors of Geology of the Governments of India and of 
Mysore for their kindness in supplying the necessary ores of antimony. 


INDIAN INSTITUTE OF SCIENCE, 
BANGALORE, INDIA. [Received, August 9th, 1927.] 


CCOCXXXIX.—Studies of Dynamic Isomerism. Part 
XXIV. Neutral-salt Action in Mutarotation. 


By Tuomas Martin Lowry and GitBerT FREEMAN SMITH. 


Neutral Salt Action in Catalysis by Acids. 


THE idea of “ neutral salt action ’’ in catalysis by acids arose in the 
first instance from the observation of Arrhenius (Z. physikal. Chem., 
1889, 4, 226) that the rate of inversion of sucrose by weak acids 
was augmented by the addition of neutral salts of strong acids, 
such as potassium chloride, which, at a concentration of N/8, 
increases the catalytic activity of N/40-acetic acid by 12-6%. 
Since neutral salts are not themselves catalysts for the inversion of 
sucrose, this effect was attributed by Arrhenius to the indirect 
action of the salt in increasing the ionising power of the medium 
and therefore the ionisation of the weak acid; a similar increase of 
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the catalytic activity of hydroxyl ions by neutral salts has been 
postulated by Senter (J., 1907, 91, 460), and by Osaka (Z. physikal. 
Chem., 1900, 35, 661). On the other hand, it has been suggested 
that neutral salts with a common ion may act by decreasing the 
ionisation of the acid, the undissociated molecules of which are 
assumed to be catalytically active, as well as the hydrogen ions 
derived from them. Thus, whereas Arrhenius supposed that only 
the hydrogen ions act as catalysts, Snethlage (Z. Elektrochem., 
1912, 18, 539; compare Goldschmidt, Z. physikal. Chem., 1912, 
81, 30, and McBain, J., 1914, 105, 1517) attributed a part of the 
catalytic activity of the acid to the undissociated molecules, the 
activity of the molecules and ions being in the ratio k,,,: k, = 0-06: 1 
for picric acid, but about 2: 1 for hydrochloric acid. On the other 
hand, Lapworth (J., 1908, 93, 2163, 2187) and Dawson (J., 1911, 
99, 1; 1914, 105, 1093), from a study of the influence of water in 
diminishing the catalytic activity of acids in alcoholic solutions, 
concluded that catalysis by acids, so far as it depends on the action 
of ions, is due to the presence of a mere trace of free hydrogen ions, 
the effect of the hydrated hydrogen ions (which are mainly responsible 
for the conductivity of the acid) being relatively unimportant. 
This conclusion is directly opposite to that of Kendall (Proc. Nat. 
Acad. Sci., 1921, 7, 56), who supposes that the hydrolysis of methyl 
acetate may be catalysed by compounds of anhydrous hydrogen 
ions with all the other components of the solution; but it was not 
intended to exclude catalysis by undissociated molecules of the 
acid, which was widely advocated by Dawson (J., 1915, 107, 1426) 
as the “ Dual Theory of Acid Catalysis.” More recently, Dawson, 
who gave for the ratio k,,/k, values ranging from 1-77 for hydro- 
chloric acid to 0-0034 for acetic acid, has included the anion (but 
not the metallic kation) of the neutral salt as an independent 
catalyst, the acceleration produced by these anions being formulated 
as an inherent property of the ion, comparable with the independent 
catalytic activity of the hydrogen and hydroxy] ions. 

The most important feature of Dawson’s work is his repudiation 
of Arrhenius’s hypothesis that the catalytic activity of the ions of a 
neutral salt is a secondary effect, which is produced only indirectly 
by stimulating the catalytic activity of some other ion. Each 
active component is therefore represented by an independent term 
in his equations. Moreover, Dawson found that he could make 
use of the concentrations of the various components, without 
attempting to convert them into activities. Finally, Dawson’s 
results have attracted widespread attention by reason of their 
precise quantitative character, which can be illustrated by quoting 
the catalytic coefficients (x 10%) deduced from a study of the 
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velocity of iodination of acetone in presence of sodium acetate and 
acetic acid, viz., 
OH’ = 10’; H’ = 442; Ac’ = 4-5; HAc = 15. 

The authors of the present paper desire to put on record the 
fact that, whilst the theory set out in Part XXV (following paper) 
is a logical development of views advanced in previous papers of 
this series, the experiments now described were suggested directly 
by analogy with Dawson’s observations on acetone. The analogies 
that have been detected afford confirmation of the view (which is 
still based on theory rather than on direct experiment) that the 
iodination of the ketone and the changes of rotatory power of the 
sugar are both dependent on a prototropic change, in marked 
contrast, for instance, to the isomeric change of N-chloroacet- 
anilide, which has been shown to depend on a process of reversible 
chlorination (Rep. Brit. Assoc., 1910, 85). 


Neutral-salt Action in Mutarotation. 


The influence of neutral salts on the mutarotation of the reducing 
sugars has received but little attention, perhaps because the changes 
of rotatory power proceed so rapidly, even in pure water, that a 
relatively small acceleration makes the velocities too great for 
accurate measurement. Ample evidence is available, however, to 
show that, whilst bases and acids (and even water) are powerful 
catalysts, no marked acceleration is produced by neutral salts of 
the type of sodium and potassium chlorides (Lowry, J., 1903, 83, 
1317; Worley, J. Physical Chem., 1927, 34, 882). Kuhn and 
Jacob (Z. physikal. Chem., 1924, 113, 389) have indeed plotted a 
curve showing the influence of sodium chloride on the velocity of 
mutarotation of glucose at 25° over a range of acidity and alkalinity 
from py 1 to 7:7. The influence of this salt is shown to be almost 
negligible throughout, although definite catalytic effects were 
attributed to the anions of the weak acids which were present in 
certain buffer solutions. 

The experiments that have just been cited leave the impression 
that neutral salts in general exert only a negligible effect on muta- 
rotation, and that the velocity of mutarotation is determined 
mainly, even if not quite exclusively, by the acidity or alkalinity 
of the solution, as represented by its “‘ hydrogen-ion concentration.” 
This view is expressed in a precise mathematical form in Hudson’s 


well-known equation (J. Amer. Chem. Soc., 1907, 29, 1571), in 
which the velocity of mutarotation of glucose at 25° is given by 
+ — 
k* = 0-0096 + 0-258[H] + 9750[0H]. 
* Calculated by the use of logarithms to the base 10. 
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This equation represents the observed velocities of mutarotation 
as depending on the sum of two variable terms, representing 
respectively the catalytic activity of hydrogen tons and of hydroxyl 
ions, together with a constant term which can be attributed to the 
action of neutral water. It has been adopted (with slightly different 
constants) by Kuhn and Jacob (loc. cit.), who write 


k = 0-0104 + 0:334[H] + 9345[0H], 


and has been generally accepted as an adequate expression of all 
the relevant facts. This is made even more striking if the velocity 
of mutarotation is plotted against the pg values of the solution, in 
the form of a “ catalytic catenary ’’ (Nelson and Beegle, J. Amer. 
Chem. Soc., 1919, 44, 559; Kuhn and Jacob, loc. cit.; Euler, Z. 
anorg. Chem., 1925, 146, 45; 1926, 152,113). The resulting curve 
falls to a shallow minimum at pg 5, and rises steeply on each side 
in order to show the rapid increase of velocity which is observed in 
acid or alkaline solutions for which pg<2 or>8, 1.e., at concen- 
trations of acid or alkali greater than N/100 or N/1,000,000, 
respectively. The purpose of the present paper is to prove by direct 
experiment that the algebraic and the geometric methods of repre- 
sentation are alike inadequate, unless the catalytic activity of at 
least three other possible components of the solution is also taken 
into account. 


EXPERIMENTAL. 


(a) Materials—The glucose included a sample recently used in 
establishing a standard value for the velocity coefficient of the 
pure sugar (Richards, Faulkner, and Lowry, this vol., p. 113), 
together with a similar sample which had been purified and tested 
in the same way. The sodium acetate was thrice recrystallised from 
distilled water. Acetic acid was distilled from 2% chromic anhydride 
(Orton and Bradfield, J., 1924, 125, 960), and on redistillation the 
fraction of b. p. 116—118° was collected; after freezing, it melted 
at 16-2°, and therefore contained about 0-2% of water. Hydro- 
chloric acid (approximately 0-2N) was standardised by estimating 
the chlorine gravimetrically, and was diluted to the required strength 
with conductivity water. The pyridine had been purified by Dr. 
I. J. Faulkner for experiments on mutarotation (J., 1925, 127, 
2883). The phenol was colourless and melted at 40°. Sodium 
carbonate and bicarbonate of “ A. R.” quality were used without 
further purification. 

(b) Polarimetric and Electrometric Measurements.—The velocities 
of mutarotation were determined in solutions containing 2 g. of 
glucose in 20 c.c. of the solution at 20°; the velocity coefficients 
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(k.) are for time in minutes and for natural logarithms. After 
mutarotation was complete the py, values of the solutions were 
determined by standard methods. When a hydrogen electrode was 
used, the gas was passed through alkaline permanganate and 
saturated mercuric chloride solutions, then over electrically-heated 
palladinised copper, through water, and finally through a solution 
identical with that under investigation before entering the elec- 
trode vessel; the values of the #.M.F. recorded for two electrodes 
in no case differed by more than 1 millivolt. These py values were 
checked by measurements with the quinhydrone electrode, or, 
when the concentration of electrolytes exceeded 0-1M, with the 
hydroquinhydrone electrode (Biilmann, 7'rans. Faraday Soc., 1924, 
19, 676). The bicarbonate and carbonate solutions (pg 7—9) were 
examined by Dr. W. 8. Hughes with a glass electrode, which had 
been standardised against a phosphate buffer (pq 6-80) and a borate 
buffer (pq 9-24, as determined by means of a hydrogen electrode). 


Determination of the Catalytic Catenary for Glucose at 20°. 


Since the data of Kuhn and Jacob related to 25°, a fresh catalytic 
catenary was plotted for 20°, for comparison with the data of 
Euler (Z. anorg. Chem., 1926, 152, 113). This was done (as in the 
experiments of the earlier workers) by using dilute hydrochloric 
acid and sodium bicarbonate or carbonate to produce the desired 
degrees of acidity or alkalinity. The electrometric and polarimetric 
data are set out in Table I, and the velocity coefficients from Table I 
have been plotted in Fig. 1 against the pg values of the solutions. 


TABLE I. 
Mutarotation of glucose in acid and alkaline solutions. 


Hydrogen-ion concentration, pu. 


~ 


Hydro- Quin- 


gen hydrone’ Glass ke — (k — 
Solvent. electrode. electrode. electrode. {k.. 0-0147. 0-0147)/c, 
0-5N-HCl 0-404 _- —- 0-216 0-201 0-402 
0-4062N-HCl 0-483 os _- 0-174 0-159 0-391 
0-3N-HCl 0-619 — —- 0-133 =0-118 0-393 
0-198N-HCl 0-900 0-88 -- 00909 0-0762 0-385 
0-1N-HCl 1-09 1-09 —_ 0:0529 0-0382 0-382 
ca. 0:05N-HCl 1-44 1-44 -- 0-0338 
0-05N-HCl 1-40 _- - 0-0337 0-0190 0-380 
0-01N-HCl 2-08 2-10 —- 0-0184 0-0037 [0-37] 
ca. 0:001N-HCl 3-23 ~ — 0-0147 
ca. 0:0005N-HCl1 3-42 3°38 - 0-0147 
ca. 0:0001N-HCl 6-18 =e — 0-0150 
0-01M-NaHCO, —— — 7-76 0-0274 
0-05M-NaHCO, _- oa 7-92 0-0497 
0:001M-Na,CO, —- 8°35 0-131 
0-002M-Na,CO,; = _ 8-86 0-196 
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The velocities measured by Euler at 20°, and by Kuhn and Jacob 
at 25°, have also been included in the figure, the latter being divided 
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Velocity of mutarotation of glucose at 20° in acid and alkaline solutions : (a) the 
hollow circles are for solutions made acid with hydrochloric acid or alkaline with 
sodium carbonate or bicarbonate. The crosses (+) on a dotted curve represent 
Euler’s data for 20°. The diagonal crosses (x) represent Kuhn and Jacob’s data 
for 25° reduced to 20° by dividing the velocity coefficients by 1°65 ; (b) the black 
circles are for solutions containing (i) various proportions of acetic acid (L.H.), 
(ii) N/10-acetic acid with various proportions of sodium acetate (R.H.). 


by 1-65 to allow for the difference of 5° in temperature (Hudson and 
Dale, J. Amer. Chem. Soc., 1917, 39, 320). 
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(a) Acid solutions. The velocity coefficients and hydrogen-ion 
concentrations were measured in 10% solutions of glucose in 
aqueous hydrochloric acid over a range from 0-0001 to 0-5N-acid. 
The py values, which were determined with a hydrogen electrode 
and checked in some cases with a hydroquinhydrone electrode, 
agree closely in this part of the catenary with those given by the 
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i) 


earlier workers; but these electrometric data do not give a very 
satisfactory constant for the catalytic coefficient of the ion. On 
the other hand, Fig. 2, in which the increment produced by the 
acid in the velocity coefficient of the sugar is plotted against the 
volumetric concentration of the acid, shows a linear relation between 
these two quantities which persists up to about 0-4N, but is then 
followed by a definite upward curvature. The values of the ratio 
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(ke — 0:0147)/c, which are given in the last column of Table I, 
show a small progressive increase with increasing concentration, 
from 0-38 at 0-05N to 0-40 at 0-5N. This increase can be explained 
quite readily by accepting Snethlage’s view that the catalytic 
coefficient of the undissociated molecules of hydrochloric acid is 
greater than that of the hydrogen ions derived from them. Since 
the degree of dissociation of hydrochloric acid in water is about 
83% at N/2 and 93% at N/20, a rough extrapolation to zero con- 
centration would give a limiting value of 0-36 for the catalytic 
coefficient of the hydrogen ion at 20°. This agrees closely with the 
coefficient given by Hudson, which is about 0-36, when reduced to 
base e and divided by 1-65 to correct for the difference of 5° in tem- 
perature. A much rougher estimate shows that, since the catalytic 
coefficient of the acid is increased in the ratio of 19 : 20 when the 
ionisation is decreased from 93 to 83%, that of the undissociated 
molecules of the acid must be about half as great again (1-53 : 1) 
as that of the hydrogen ions derived from them, in close agreement 
with the ratio 1-55 : 1 deduced by Dawson in 1915. 

(b) Alkaline solutions. On the alkaline side, the quinhydrone 
electrode is no longer trustworthy, and the hydrogen electrode is 
subject to error as a result of the displacement of carbon dioxide 
from the solutions by hydrogen. We have therefore based our 
calculations on a series of determinations by Dr. W. 8S. Hughes, 
in which a glass electrode was used. The alkaline arm of our 
catenary is therefore notably different from that of the catenaries 
plotted by Kuhn and Jacob, and by Euler, which are practically 
coincident when allowance is made for the different temperatures 
at which their measurements were made. We believe, however, 
that the velocities now recorded for the mutarotation of glucose in 
alkaline solutions (pg>7) are free from a source of error that was 
previously present, and are therefore more trustworthy than those 
published hitherto. Whilst, however, it is possible to deduce a 
satisfactory value for the catalytic activity of the hydrogen ion 
from measurements of the velocity of change in a dilute solution 
of a strong acid, this cannot be done in the same simple way in the 
case of the hydroxyl ion of an alkali because (i) the concentrations of 
alkali that are required to produce a given velocity are about 
30,000 times smaller than in the case of an acid, and (ii) a very 
dilute solution of a free alkali inevitably becomes carbonated, and 
to an unknown extent, by the carbon dioxide of the atmosphere. 
The required degree of alkalinity can therefore only be maintained 
by using a “buffer solution’; and, as Kuhn and Jacob have 
shown, the anion of the buffer solution may have a catalytic activity 
which is comparable in magnitude with that of the trace of hydroxyl 
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ions which the solution contains. Since precisely the same con- 
siderations must apply to a carbonate or bicarbonate as to a phos- 
phate or citrate, it is clear that solutions that have been made 
alkaline with sodium carbonate or bicarbonate cannot be used to 
give an exact value for the catalytic activity of the hydroxyl ion, 
unless a correction is made for the catalytic activity of the carbonate 
and bicarbonate ions, of which the concentrations are uncertain 
and the specific catalytic activities unknown. We therefore merely 
put on record the fact that the catalytic coefficient of the hydroxyl 
ion is probably less than k, = 20,000, since this number includes 
the catalytic activity of the bicarbonate ions as well as of the 
hydroxyl ions; but we are not yet prepared to put forward a more 
definite value. 

(c) Neutral solutions. The concentrations of the hydrogen and 
hydroxyl ions at the isoelectric point are so small that their effect 
on the velocity of mutarotation of the sugar (as calculated from 
the effects produced by higher concentrations of acid or alkali) is 
only of the order of 1 x 10-, and is therefore quite inappreciable. 
This is true, not only at the isoelectric point, but over a considerable 
range on either side, so that the central part of the catalytic catenary 
is almost horizontal over the range py 3—7. The actual velocity 
of mutarotation at the isoelectric point, however, so far from being 
inappreciable, is only a little less than it is in neutral water, where 
the influence of the ions should be about 100 times greater than at 
the isoelectric point. Thus Hudson’s equation gives a velocity 
coefficient k = 0-0106 for glucose in neutral water at 25°, falling 
to a minimum value of k= 0-0097 at the isoelectric point; 
the velocity at the isoelectric point is therefore 91-5% of that in 
neutral water. In the same way, the minimum velocity, k = 
0-01041, calculated from the equation of Kuhn and Jacob is 92% 
of the velocity, k = 0-01133, in neutral water. These authors 
therefore concur in postulating a diminution of about 8% in the 
velocity of mutarotation of glucose in feebly acid solutions. On 
the other hand, this effect was not observed by Andrews and 
Worley (J. Physical Chem., 1927, 31, 882). In the present series 
of experiments, our own measurements have given a velocity 
coefficient k, = 0-0147 at py 3-23 and 3-42, and k, = 0-0150 at 
x 6-18, as contrasted with the standard value k, = 0-0146 in neutral 
water at 20°. These measurements therefore afford no experimental 
confirmation for the very plausible theoretical view that the velocity 
coefficient in feebly acid solutions should be rather less than in 
pure water ; and it is noteworthy that Euler also does not record any 
value less than 0-0146 for the velocity coefficient of glucose at 20°, 
although his measurements at 5-2° show a well-marked minimum. 
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Determination of the Catalytic Coefficient of an Undissociated Acid. 


The catalytic coefficient of the undissociated molecules of a strong 
acid is difficult to detect, because this component only becomes 
important at high concentrations, when the velocity of mutarotation 
is too great for accurate measurement. We can, therefore, only 
put on record a general statement to the effect that the catalytic 
coefficient of the undissociated molecules of hydrochloric acid is 
apparently about 1-5 times as great as that of its ions. In the 
case of a weak acid, such as acetic acid, however, a fairly accurate 
value for the catalytic coefficient of the undissociated acid can be 
deduced from the measured velocities of mutarotation of glucose 
in solutions of the acid. The data for 10% solutions of glucose in 
acetic acid over the range 0-1—3-22N are set out in Table II and 
plotted in Fig. 2. 


TaBLeE II. 
Mutarotation of glucose in dilute acetic acid at 20°. 
Conc. of 
acetic acid, N. Pu- i, kn. ke — kn. (k. _ ky) /c. 
3°22 1-87 0:0416 0:0208 0-0208 0-0065 
1-61 2°17 0-0284 0-0175 0-0109 0-0068 
1-00 2-26 0 0233 0-0170 0-0063 0-0063 
0-370 2-54 0-0182 0-0158 0-0024 0-0065 
0-100 2-78 0-0158 0-0152 0-0006 — 


In Fig. 2 the velocity coefficients have been diminished by an 
amount equal to the value of the coefficient in dilute hydrochloric 
acid of equal electrometric activity, and the differences have been 
plotted against the normality of the acetic acid. The relation 
between these two quantities is linear over the whole range of 
concentrations. This difference is a measure of the catalytic 
activity of the acid, after allowing for the catalytic activity of the 
hydrogen ions and of the water in the solution. Since the acid is 
ionised only to a very small extent (about 1%) even in the most 
dilute solutions, the constant ratio shown in the last column of 
Table II gives the catalytic coefficient of the undissociated acid, 
k. = 0-0065[HAc]. 


Determination of the Catalytic Coefficients of Anions and Kations. 


Although the equations of Hudson and of Kuhn and Jacob con- 
tain a ‘‘ neutral water’ term (which is not present in Dawson’s 


equation), there is nothing in their equations to correspond with 
Dawson’s “anion” term. This omission is all the more remarkable 
in view of the observations made by Kuhn and Jacob on the 
catalytic activity of buffer solutions. A most important feature 
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of the present experiments, therefore, was an attempt to discover 
the existence of an “anion” term in mutarotation, and to deter- 
mine its magnitude in some particular case. It was already clear 
from earlier observations that the ions of sodium and potassium 
chlorides had no marked catalytic properties; but we anticipated 
on theoretical grounds that the anion of a weak acid might possess 
appreciable catalytic activity. A difficulty immediately arises, 
however, from the fact that the salts of a weak acid are hydrolysed 
to an extent which increases as the dissociation constant of the 
acid diminishes; moreover, the catalytic activity of the hydroxyl 
ions resulting from this hydrolysis is so enormous that it would 
entirely mask any small catalytic activity due to the anion of the 
acid, unless the latter were present at relatively enormous con- 
centrations. For this reason we adopted the device of adding to 
the neutral salt (N-sodium acetate solution) a quantity of the 
free acid (N/10-acetic acid) sufficient to make the reaction of the 
solution definitely acid instead of alkaline. The ideal condition 
would, of course, be to work at the isoelectric point, where the 
velocity of mutarotation (in the absence of some catalytically 
active ion other than hydrogen and hydroxyl) would be, if any- 
thing, rather less than in pure water. 

(a) Catalytic coefficient of the acetate ion. Our first experiment 
showed that a solution of glucose in N-sodium acetate gave a 
velocity coefficient, k, = 0-0982 at 20°, which was nearly seven 
times as great as in neutral water (k, = 0-0146 at 20°). In this 
case an acceleration was inevitable in view of the alkaline character 
of the salt; but this explanation was no longer possible in a second 
experiment in which the velocity coefficient for 0-961N-sodium 
acetate, in a solution acidified with N/10-acetic acid to pg 5-54, was 
found to be k, = 0-0822, or about siz times as great as in water. 
In this experiment, if hydrogen and hydroxy] ions and neutral water 
had been the only catalysts in the solution, the velocity coefficient 
would have been k, = 0:0147; and a correction for the catalytic 
activity of the undissociated molecules of acetic acid would have 
increased this only to k, = 0-0153. This number is rather less than 
one-fifth of the velocity coefficient actually observed, and, since the 
sodium ion is known to be inactive, the other four-fifths of the 
observed velocity must have been due to the acetate ton, which 
was thus shown to be an active catalyst for the mutarotation of 
the sugar. 

Table III gives the velocity coefficients and p, values for a series 
of solutions containing N/10-acetic acid, with various proportions 
of sodium acetate. The velocity coefficients of these solutions are 


plotted against the py values in the form of a catalytic catenary 
4R 
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Tas_e III. 
Mutarotation of 10% glucose in 0-1N-acetic acid +- sodium acetate 
at 20°. 

NaAc, N. pu- ke. k. — 90-0153. (k,—0-0153)/c. 
0-0096 3°64 0-0164 0-0011 — 
0-0480 4°25 0-0200 0-0047 — 
0-100 4-52 0-0230 0-0077 — 
0-300 5-00 0-0365 0-0212 0-071 
0-480 5:21 0-0491 0-0338 0-070 
0-750 5-41 0-0672 0-0519 0-069 
0-961 5:54 0-0822 0-0669 0-070 
1-50 5:75 0-119 0-104 0-069 
2-00 5°89 0-149 0-134 0-067 


in Fig. 1, whilst in Fig. 3 the pg values are plotted against the 
concentrations of sodium acetate. 

The py values plotted in the upper curve of Fig. 3 for solutions 
which did not contain any sugar agree closely with those given by 
Dawson, but these values were lowered when determined in presence 
of 10% of glucose by an amount which varied from 0-02 to 0-06 
as the concentration of the sodium acetate increased from 0°0096 
to 0-3N, and then remained almost constant up to 2N. 

The solutions now under consideration were too near to the 
isoelectric point to exhibit any marked catalysis by hydrogen or 
hydroxyl ions, but they all contained, in addition to the acetate 
ion, the catalytically active molecules of water (which would give 
a partial velocity coefficient of 0-0147) as well as active molecules 
of NV /10-acetic acid (which would give a partial velocity coefficient 
of 0-0006). Fig. 3 shows that, when the difference between the 
observed velocity coefficients and a constant partial velocity 
coefficient of 0-0153 is plotted against the volumetric composition 
of the sodium acetate, these two quantities are proportional to one 
another over the range from 0-0096N to 1:5N. The ratio (k, — 
0-0153)/c, which is given in the last column of Table III, tends to 
increase in the most dilute solutions; but, over the range from 
0-3N to 2-0N, it gives an average value for the catalytic coefficient 
of the acetate ion, k, = 0-069. In Dawson’s experiments on the 
iodination of acetone, the catalytic coefficient of the acetate ion 
was about 3 times as great as that of the undissociated molecule of 
acetic acid, but the ratio of the two coefficients, when deduced from 
a study of their influence on the mutarotation of glucose, is rather 
greater than 10 to 1. 

(b) Catalytic coefficient of the ammonium ion. Theoretical reasons 
led us to suppose that catalytic activity need not be confined to 
the anion of a salt, but that a kation might possess similar catalytic 
powers, provided that it could be classed as a proton donator. 
We therefore determined the velocity of mutarotation of glucose 
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in a N-solution of ammonium chloride, and found that, although 
the hydrogen-ion concentration of the solution (pg 4:7) coincided 
almost exactly with the isoelectric point, the velocity coefficient, 
k, = 0-0159 at 20°, was actually 8% greater than in neutral water. 
The catalytic coefficient of the ammonium ion as deduced from 
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acid with various concentrations of sodium acetate. 


this experiment is approximately 0-0012. This is about one-fifth 
as great as the coefficient for undissociated acetic acid, but sixty 
times smaller than that of the acetate ion. 


Catalytic Coefficients of Neutral Salts. 


‘ 


A comparison of the “ acetate”’ catenary of Fig. 1 with the 
“ carbonate ”’ catenaries previously deduced from the behaviour of 
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carbonate and bicarbonate solutions is very instructive, since it 
shows the relatively small part that is played by the feeble acidity 
or alkalinity (py 2 to 8) of a buffer solution in determining the 
velocity of mutarotation of the sugar, and the enormous influence 
of the neutral or saline components of the solution. In order, 
however, to dissipate finally the idea that the velocity of muta- 
rotation is determined predominantly by the acidity or alkalinity 
of the solution, or by its hydrogen-ion concentration, a number of 
measurements were made with aqueous solutions of glucose con- 
taining a salt of a weak acid and a weak base, under conditions 
which ensured that the hydrogen-ion concentrations were either 
approximately equal to that of neutral water or intermediate between 
that of neutral water and the isoelectric point. Since the velocity 
coefficients calculated from the equations of Hudson or of Kuhn 
and Jacob are substantially constant from py 3 to pq 7, any solution 
in this range might be expected, on the basis of these equations, to 
give a velocity coefficient equal to, or slightly less than, that 
observed in neutral water; on the other hand, if our theoretical 
views were well-founded, it appeared likely that a neutral solution 
containing the neutral salt of a weak acid and base would change 
much faster than a neutral solution in pure water, or than a neutral 
solution containing only a neutral salt of a strong acid and base. 

(a) Ammonium acetate. This prediction was tested by measuring 
the velocity of mutarotation of glucose in presence of N-sodium 
acetate and N-ammonium chloride. Since sodium chloride pro- 
duces no important changes of velocity, this solution was equivalent 
to one containing N-ammonium acetate. As we anticipated, the 
sugar in this neutral solution changed even more rapidly than in a 
solution containing only N-sodium acetate, which has a strongly 
alkaline reaction, or in a solution of ammonium chloride, which 
is definitely acid in its reaction. The velocity coefficient, k, = 0-106 
at ,; 6-66, was found to be more than seven times as great as in 
neutral water. It is also about 25% greater than the value, 
0-0147 + 0-0012 + 0-069 = 0-085, calculated by adding together 
the catalytic coefficients of neutral water and of the ammonium 
and acetate ions. This acceleration, which can be attributed to 
the “ hydrolysis ” of the salt to free ammonia and free acetic acid, 
was in accord with the expectations which we had formed in view 
of the increase in the amphoteric properties of the solution, which 
would result from the simultaneous presence of the weak acid and 
the weak base. The approximate value of the catalytic coefficient 
of the salt in its various forms is 0-091. 

(b) Pyridine and phenol. The neutral-salt effect described in 
the preceding paragraph (which is of a totally different character 
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from that postulated by Arrhenius, since the increment of velocity 
produced by the neutral salt was 626% instead of only 12-6%) 
would obviously become negligible if the acid and base were so 
weak as no longer to exhibit any appreciable acid or basic pro- 
perties; it is also known to be negligible when the acid and base 
are both strong. The effect must therefore rise to a maximum at 
some intermediate value of the dissociation constants. For this 
reason, the experiment was repeated, but with phenol and pyridine 
as the acid and base in place of acetic acid and ammonia. The 
relevant dissociation constants are set out below, whilst the velocity 
coefficients and py values are included in Table IV. 


Acid dissociation constant, K,. Basic dissociation constant, K;. 
Phenol : 1-1 x 10-1 at 18° or 25° Pyridine: 1-6 x 10 at 18° 
2:3 x 107° at 25° 
Acetic acid: 1-8 x 10-> at 18° or 25° Ammonia: 1:75 x 107 at 18° 
1-8 x 10-5 at 25° 


TaB.eE IV. 
Mutarotation of glucose in presence of a weak acid and base. 
Solvent. pu: Velocity coefficient at 20°. 

N-Sodium acetate  ............s0000 — 0-0982 
= —— onium chloride ............ 4-7 0-0159 

- ium acetate 1 
N-Ammonium chloride js seeeeeeeeees 6-66 0-106 
PEE oscnesivecocsscasorsonvness 5:8 0-0146 
IE aves skceeiessnsiasesocesens 6-21 0-0147 
0-1N-Pyridine 7-48 0:0447 


O-IN Phenol prcccsssssssseseess 

Since phenol is not sufficiently soluble to give a N-solution, the 
acid and base were used at N/10-concentrations, and gave a velocity 
coefficient, k. = 0-0447 at 20° for py 7°48. The velocity coefficient 
was therefore 3 times as great as in water, although the py was 
changed by less than 0-5 unit from that of neutral water. If the 
slight alkalinity of the solution had been produced by a trace of 
sodium bicarbonate, the velocity coefficient would have been about 
0-0175, or about 40% of that actually observed; the other 60% 
must therefore be due to the N/10-pyridinium phenoxide. The 
catalytic coefficient of the pyridinium salt as deduced from these 
data is roughly 0-272. It is noteworthy that the catalytic coefficient 
of the pyridinium salt in N/10-solution is about 3 times as great 
as that of ammonium acetate in N-solution, and is very nearly as 
large as that of the hydrogen ion, although it is still not so great 
as that of the undissociated molecules of a strong acid. 


Summary. 
(a) Although the mutarotation of glucose is catalysed by acids 
and bases, as well as by water, it is not affected appreciably by 
neutral salts of the type of sodium chloride. 
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(b) Definite catalytic activity has been detected, however, in 
(i) the undissociated molecules of a strong or weak acid, (ii) the 
anion of a weak acid, and (iii) the kation of a weak nitrogenous 
base. 

(c) The catalytic coefficients of these components are 


[HCl] about 0-5; [NH,] = 0-0012; 
[HAc] = 0-0065; [Ac] = 0-069. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, July 28th, 1927.] 


CCCXL.—Studies of Dynamic Isomerism. Part XXV. 
The Mechanism of Catalysis by Acids and Bases. 


By THomas Martin Lowry. 


Catalysis of Mutarotation by Acids and Bases. 


THE fact that mutarotation, like so many other chemical changes, 
is not a spontaneous process, but depends on the presence of a 
catalyst (Lowry, J., 1899,'75, 211), compels us to seek an explanation 
of the part played by the catalyst in effecting the change, and in 
particular to discover a reason for the unique efficiency of water as 
a solvent for the mutarotation of the sugars, and for the still more 
remarkable catalytic activity of acids and bases. The earliest 
suggestion (ibid., p. 219) postulated that mutarotation could be 
initiated by any oxygenated solvent, since the changes of rotatory 
power in these solvents were usually very rapid when compared with 
the slow changes observed in hydrocarbons and in analogous solvents 
such as chloroform. This view became untenable, however, when 
it was found that the mutarotation of nitrocamphor could be 
“ arrested ” by adding a trace of carbonyl chloride to ether, in order 
to eliminate basic impurities (Lowry and Magson, J., 1908, 93, 119). 
It was then pointed out that catalytic solvents all appeared to be of 
the type HX, and that solvents from which a hydrogen atom cannot 
be eliminated easily are not able to initiate isomeric change, although 
(as in the case of ether) they may contain oxygen, and may even 
possess ionising properties (ibid., p. 132). Subsequent investig- 
ations (Lowry and Richards, J., 1925, 127, 1385; Lowry and Faulk- 
ner, ibid., p. 1883) showed that, although dry pyridine had been 
repeatedly cited as an effective catalyst for the mutarotation of 
glucose (Behrend and Roth, Annalen, 1904, 331, 361), pyridine and 
cresol are alike impotent in the absence of water, but that when 
mixed with one another they develop a catalytic activity which is 


LOWRY : STUDIES OF DYNAMIC ISOMERISM. PART xxv. 2555 


far greater than that of water itself. The view was therefore 
advanced that the prototropic changes which give rise to the mutaro- 
tation of the sugars can only take place in an amphoteric solvent, 
i.e., in a solvent which can both accept a proton from the sugar and 
give a proton back again to it or to its ion. 

An entirely different method of approach to the problem is found 
in the theory put forward by Euler (Euler and Hedelius, Biochem. Z., 
1920, 170, 150; Euler, Myrbick, and R -dberg, Arkiv. Kemi Min. 
Geol., 1923, 8, No. 281) in order to provide a quantitative basis for 
determining the influence of acids and alkalis on the mutarotation of 
glucose. Euler supposes (i) that the velocity of mutarotation of 
glucose is proportional to the volume concentration of its ions, and 
(ii) that these ions are produced by the formation of salts of the 
sugar, on the one hand with alkalis, and on the other with acids. 
According to this theory, the velocity of mutarotation of the sugar 
in a solution of given acidity or alkalinity could be calculated from 
its acid and basic dissociation constants, K, and K,, together with 
the reaction velocities, r, and 7, of the anion and kation of the sugar 
salts; but in practice the calculation can only be carried out in the 
converse direction, since only one of the four fundamental constants 
has been measured by an independent method. This one inde- 
pendent constant is the acid dissociation constant of glucose in 
water at 18°, which was determined electrometrically by Michaelis 
and Rona (Biochem. Z., 1913, 49, 232) from the change of 
“ hydrogen-ion concentration” on adding the sugar to a dilute 
alkali. Euler and Hedelius (loc. cit.) measured the velocity of 
mutarotation of glucose in buffer solutions containing sodium 
citrate and hydrochloric acid of N/10 and N/100 concentration, 
and deduced (by extrapolation to zero concentration of buffer 
solution) the value k* = 0-0066 for the minimum velocity 
at 20°, and pz = 3-6 for the hydrogen-ion concentration at this 
point of maximum stability of the sugar; they then used the 
value, K, = 6-6 x 10°, given by Michaelis for the acid dissociation 
constant of the sugar at 18°, in order to calculate an approximate 
value, K, = 10-!9, for the basic dissociation constant, on the assump- 
tion that the point of maximum stability is identical with the 
isoelectric point and that the hydrogen-ion concentration at the 
isoelectric point is given by the equation [H+] = V K,K,,/K,, where 
K, is the dissociation constant of water. In two subsequent 
papers (Z. anorg. Chem., 1925, 146, 45; 1926, 152, 113), Euler used 
his own measurements of the acid dissociation constant of water at 
5-2° in order to deduce values for the concentration of the sugar ions 
and for their reaction velocities at this temperature, which he 

* The velocity coefficient calculated from logarithms to the base 10. 
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supposed to be equal to one another, since he obtained symmetrical 
catenary curves on plotting the velocity of mutarotation at 5-2° and 
at 20° against the py, of the solution. In this way he deduced for the 
four essential constants at 5-2° the values K,=1 x 10°; K, = 
2 x 1078; andr, = = 38, the half-change period being therefore 
0-45 sec. for the ion of either sign. 

Euler’s ionic theory of mutarotation was at once adopted by 
Kuhn and Jacob (Z. physikal. Chem., 1924, 113, 389) as the basis for 
their numerical calculations. These authors made a new series of 
measurements of the velocity of mutarotation of glucose at 25° in 
solutions of different degrees of acidity and alkalinity, and showed 
that it could be expressed by an equation which differed only 
slightly from that of Hudson. Since this equation contains a term 
which does not depend on the acidity or alkalinity of the solution, 
they concluded that the neutral molecules of glucose, as well as the 
kations and anions derived from them, undergo isomeric change. 
Moreover, since the two arms of their catenary curve were not 
symmetrical, they concluded that the reaction velocity of the anions 
and kations are not equal (as Euler supposed) but that the reaction 
velocity of the anions is 2-1 times as great as that of the kations. 
They therefore assigned to the reaction velocities at 25° of the 
neutral molecules of the sugar and of the kations and anions derived 
from them the values r, = 0:0104, r, = 54-4, and r, = 113-2. The 
dissociation constants of the sugar at this temperature were given 
as K, = 10-5 x 107% and K, = 7°8 x 1071. 

In his later papers, Euler also adopted the view that mutarotation 
is not due exclusively to the anion and kation of the sugar, but he 
suggested that the constant term in Hudson’s equation need not 
necessarily represent the isomeric change of the undissociated 
molecules of the sugar, since it could also be attributed to a 
“ gwitterion ’’ (or bipolar molecule, compare J., 1925, 127, 1371) 
carrying both a positive and a negative charge, or to ‘‘ some form of 
glucose which is present at a concentration proportional to that of 
the uncharged molecules.” 

It will be seen that, whilst the simple ionic theory of mutarotation 
can be used to calculate hypothetical values for the ionisation of the 
sugar, and for the reaction velocities of its ions, it does not provide 
any numerical data which can be checked by independent experi- 
ments. Itis, moreover, definitely incompatible with our more recent 
observations on mutarotation in non-aqueous solutions, and must 
be rejected for the following reasons : 

(i) If the sugar is capable of being ionised by mere dissolution in 
water, according to the scheme HS == H’ + 98’, it must obviously be 
ionised even more readily to form an ionised pyridinium salt accord- 
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ing to the scheme C;H;N + HS == C;H;NH’ + 8S’, when dis- 
solved in anhydrous pyridine.* If then the ion 8’ has a definite 
reaction velocity, as Euler supposes, this ion must at once undergo 
isomeric change and give rise to a very rapid mutarotation, since the 
half-life period of the ion (according to Euler’s calculation) is less 
than a second. In reality, however, nothing of the sort happens, 
since the mutarotation of tetramethyl glucose in pyridine can be 
stopped completely over a period of 2 or 3 hours by very moderate 
purification and drying (Lowry and Richards, loc. cit., p. 1398). 

(ii) Conversely, if the sugar is capable of being ionised, either by 
removal of hydroxyl or by addition of hydrogen, according to the 
scheme HOS == HO’ + S’ or S+ H’ = HS’, it seems certain that 
this ionisation must be promoted by dissolving the sugar in an 
acidic solvent, such as cresol, which would form an ionised salt 
according to the scheme C,H,-OH + HOS == C,H,-0’ + 8° + H,0, 
or C,H,-OH + S==C,H,0’ + HS’. The ionic theory then indicates 
once more that this ionisation must be followed by a rapid isomeric 
change, and consequent mutarotation, in accordance with the 
ordinary laws of mass action and reaction velocity. Actually, 
however, the velocity of mutarotation of tetramethyl glucose in 
cresol is almost inappreciable, since it is at least forty times less than 
in pure water. 

(iii) Finally, if the simple ionic theory were correct, mutarotation 
must inevitably occur in any ionising solvent, whereas experience 
has shown that it is only in the case of media which possess definite 
amphoteric properties that we can assert with any degree of con- 
fidence that the pure solvent is a complete catalyst for mutarotation. 
Thus, even in the case of methyl alcohol, which is quite a good 
ionising solvent, the very low velocity coefficient observed by 
Faulkner and Lowry (J., 1926, 1938) has been reduced about 8-fold 
in the recent experiments of Worley and Andrews (J. Physical 
Chem., 1927, 31, 742), so that the residual velocity of change is now 
altogether insignificant. 

On all these grounds the simple ionic theory of catalysis is seen to 
be untenable in the light of experiments on mutarotation in non- 
aqueous solutions. 


An Electrolytic Theory of Catalysis. 


A mechanism of catalysed mutarotation, which is in harmony 
with the observations cited above (and which actually led to the 
experiments by which most of the relevant facts were discovered) 


* It is assumed that the pyridine has not been dried so perfectly as to 
inhibit completely the formation of a salt, as in Baker’s experiments on dry 
ammonia and hydrogen chloride. 

4Rr2 
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was described in 1925 (J., 127, 1371). This mechanism depends 
on an initial addition and subtraction of a proton by a medium 
possessing both acid and basic properties, giving rise to the formation 
of a bipolar molecule or “ zwitterion”’; the rupture of a bond (by 
the conversion of the covalency into an electrovalency) then produces 
just those electric charges which are needed to neutralise the charges 
already present in the bipolar molecule, and thus gives rise 
immediately to the intermediate aldehydic form of the sugar. Only 
two additional points are needed in order to make this mechanism 
cover also Dawson’s recent experiments on the iodination of acetone 
in presence of acids and their salts, as well as the new observations 
on mutarotation which are described in Part XXIV (preceding paper). 
These additional points are (i) a clear recognition of the fact that 
prototropic change involves a flow of electrons through the molecule, 
in addition to the transfer of a proton to and from the medium, and 
(ii) an extended conception of the meaning of the terms acid and base, 
to include all those ions and molecules which are able to give or to 
receive a proton. The isomeric change is then seen to depend on a 
process which is closely analogous to an electrolysis of the prototropic 
compound between positive and negative poles provided by the 
basic and acid components of the medium. 

(a) Electron-migration as a Condition of Isomeric Change.—lIt is 
not generally realised that the process of isomeric change in un- 
saturated compounds involves a flow of electrons through the mole- 
cule, as well as the migration of a radical. It is, however, obvious 
that, if the radical migrates in the form of an ton, it must deliver up 
an electric charge at its new point of attachment, whilst leaving 
behind a charge of opposite sign at the point of departure; the 
elimination of these electric charges is therefore an essential feature 
of the isomeric change. It is then easy to show that the rearrange- 
ment of bonds (described by Jacobsen as ‘‘ desmotropy ”’), which 
accompanies isomeric change in unsaturated and conjugated 
systems, actually consists in a transfer of valency electrons from 
atom to atom, and that this transfer produces a flow of electrons of 
precisely the kind that is required to neutralise the charges set up 
by the migration of the ion. 

Since the iodination of acetone, which has formed the basis of 
Dawson’s recent experiments on catalysis, depends on the enolis- 
ation of the ketone (Lapworth, J., 1904, 85, 30), it will be convenient 
to select this type of isomeric change as an illustration of the general 
proposition set out above. We will therefore suppose that an enol 
is to be changed into a ketone by an ionic mechanism of the same 
general character as that postulated by Euler and by Kuhn and 
Jacob for an action catalysed by bases. The four consecutive 
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stages (i)—(iv) of such a process may be illustrated by a scheme of 
the same general character as that already used to represent the 
mutarotation of a sugar (J., 1925, 127, 1384), but dissected into a 
series of steps as follows : 


oOo OOM ® , OD ® & 
i 
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(i) Lonisation of the enolic compound. In this process, the pair of 
shared electrons which constitutes the hydrogen—oxygen bond in (I)is 
transferred in toto to the oxygen atom in (II); the oxygen atom (1) 
thus acquires an electron whilst the hydrogen atom (0) loses one. 

(ii) Isomeric change of the enolic ion. In passing from (II) to (III), 
the pair of shared electrons which represents the second link of the 
2:3-double bond is transferred in toto to the carbon atom (3), 
which thus acquires an electron, whilst the carbon atom (2) loses 
one. 

(iii) Formation of the ketonic ion. In passing from (III) to (IV), 
a lone pair of electrons on the oxygen atom (1) is shared with the 
carbon atom (2) in order to form the second link of the ketonic 
double bond; in this process the oxygen atom (1) loses an electron 
and the carbon atom (2) gains one. 

(iv) Formation of the ketone. Finally, in passing from (IV) to (V), 
a proton is fixed in the position (4) by sharing a lone pair of electrons 
belonging to the carbon atom (3); in this case the hydrogen atom 
(4) gains an electron and the carbon atom (3) loses one. 

Each stage in the process is therefore accompanied by the transfer 
of an electron from left to right, and these four transfers are equiv- 
alent to moving a single electron through the organic compound from 
(0) to (4). They thus provide the necessary electrical compensation 
for the migration of the proton through the medium from (0) to (4). 

(b) Characteristics of the Electrolytic Theory of Catalysis —(i) The 
chief novelty of the electrolytic theory consists in the suggestion that 
isomeric change in the molecule or the ion is effected by a displace- 
ment of valency electrons between the two alternative points of 
attachment of the proton, which may be described as the “terminals”’ 
of the labile system. Since, however, it has already been pointed 
out (Nature, 1925, 115, 376) that a mechanism for effecting this 
flow of electrons is present in all conjugated compounds, it is not 
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necessary to elaborate this point in connexion with the simpler case 
of keto—enolic change. 

(ii) When compared with the simple ionic theory described above, 
the electrolytic theory is seen to depend on a ternary reaction 
between the sugar and the acid and basic components of the solvent, 
whereas Euler postulated a binary reaction between the sugar and a 
catalyst, which may be either acid or basic, but not both. It is, of 
course, possible that, if the sugar were ionised, say by the removal 
of a proton with the help of an alkaline catalyst, the resulting anion 
might be discharged by a proton coming into contact with the 
opposite “‘ terminal ”’ of the sugar, instead of with the “terminal ” 
from which the proton had been originally removed, thus giving rise 
to an isomeric form of the sugar; but no provision is made in 
Euler’s theory for any independent supply of protons for this 
purpose, apart from those which were derived in the first instance 
from the sugar by ionisation. The electrolytic theory, on the other 
hand, definitely requires that the medium, instead of being merely 
an ionising solvent, must be one which can act both as a “ proton 
source ”’ and as a “ proton sink.” 

(iii) A third feature of the electrolytic theory is to be found in 
the suggestion that the easiest way of effecting isomeric change is 
to bring the organic compound into a circuit in which it is in contact 
simultaneously with a proton acceptor and a proton donator. It has 
already been suggested (J., 1925, 127, 1383, footnote) that the 
changes in question “may occur simultaneously in the same 
electric circuit, as in Armstrong’s theory of chemical change ”’; but 
this tentative suggestion is now advocated as affording for the first 
time an adequate explanation of the impotence of acids and bases to 
produce mutarotation when acting alone, and of their wonderful 
efficiency when acting together. The obvious alternative is to 
suppose that the acid and basic components of the medium may act 
on the sugar consecutively instead of simultaneously. Thus the action 
might be supposed to depend on two consecutive bimolecular actions, 
in which the acid and basic components act independently on the 
sugar (i) to produce a sugar ion by the addition (or removal) of a 
proton, and (ii) to discharge this ion through the body of the sugar 
by the removal (or addition) of a proton at the opposite “ terminal ” 
of the labile system. The initial stage in this action is, however, an 
endothermic process, in which the molecules of the sugar are con- 
verted into ions of such an unstable character that the dissociation 
constants are said to be of the order of 10-4 and 10-%. The exact 
amount of energy required to produce these ions is unknown; but 
it is obvious that, if we can regard the entrance and the exit of the 
proton as simultaneous, no energy at all is needed beyond the small 
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amount that is required to cover the difference in energy content of 
the two isomerides, and perhaps to overcome the “ frictional ” 
resistance to the migration of an electron through the sugar. The 
ternary reaction therefore exhibits, in a characteristic form, the 
essential feature of a catalysed reaction, since, by making use of a 
“coupled reaction ”’ in place of two consecutive reactions, it avoids 
the necessity for lifting the molecule to the high energy level repre- 
sented by its extremely unstable ions. 


Acidity and Basicity as Factors in Catalysis. 


In order that the electrolytic theory of catalysis may cover 
Dawson’s experiments, as well as the new results set out in the 
preceding paper, it is necessary to abandon the narrow definition 
which measures acidity in terms of hydrogen-ion concentration and 
basicity in terms of hydroxyl-ion concentration, and to make use of 
definitions and constants which are not limited to the special case of 
aqueous solutions. Thus, when water is the solvent, the basicity 
of a solution can be expressed in terms of its alkalinity, as measured 
by the concentration of hydroxyl ions in the liquid; but this is no 
longer true of solutions of nitrogenous bases in non-aqueous solvents, 
many of which do not contain any oxygen at all. We have, there- 
fore, adopted the more modern view, which regards acidity as a 
characteristic property of all those hydrogen compounds which can 
give up a proton to some other molecule or ion, whilst basicity is the 
more general and passive property of being able to accept a proton 
from an acid. 

(a) Acid catalysts. If this conception is adopted we must include 
as acids all those ions or molecules which can give a proton to 
acetone or to a sugar. Of these acidic catalysts, we may exclude 
from our consideration the free hydrogen ion, H’, which is probably 
non-existent in solution, since its formation can only take place by 
an endothermic action involving the absorption of about 260,000 
calories; it can, however, be replaced (perhaps quantitatively) by 
the oxonium ion, OH,", which is probably the principal form in which 
“hydrogen ions ” exist in the solution, although the presence of 
OH,” is not excluded. The wndissociated acid, HX, must also be 
classed with the oxonium ion as a proton donator, and may therefore 
be an active catalyst, apart altogether from any pre-existent ionis- 
ation, since there is nothing to prevent the molecule of acid from 
giving a proton directly to the acetone or to the sugar, instead of 
passing it on (as an oxonium ion) through the agency of a molecule 
of water; it is also clear that the undissociated molecule of a strong 
acid is necessarily a more powerful proton donator than the molecule 
of a weak acid, and must therefore be a much more powerful catalyst, 
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as Snethlage and others have found to be the case. Neutral water 
also must be classed as a proton donator, quite independently of its 
pre-existent ionisation, since here again there is no reason why one 
molecule of water should be compelled to make use of a second mole- 
cule of water as an agent for transferring a proton to the ketone or to 
the sugar.* According to our theory, however, these proton 
donators can only act in conjunction with a proton acceptor, which 
in dilute aqueous solutions will usually be a molecule of the solvent. 

(b) Basic catalysts. Amongst the bases or proton acceptors it is 
usual to reckon only the hydroxyl ion as having any catalytic activity, 
but for the present purpose the molecule of neutral water must also 
be included as a basic catalyst, in view of the readiness with which it 
can combine with a proton from the acetone or from the sugar to 
form an oxonium ion. More novelty is to be found in the perfectly 
logical conclusion of Brénsted (Rec. trav. chim., 1923, 42, 718) that 
the anion of an acid is also a base or proton acceptor, in view of the 
fact that it can combine with a proton to form a molecule of the 
undissociated acid. The fact that the basicity of the anion is inversely 
proportional to the acidity of the acid provides an obvious explanation 
of the fact that the chloride ion has no marked catalytic activity, 
such as is possessed by the acetate ion in virtue of the weakness of 
the acid from which it is derived. It is of interest to notice that, 
whilst ammonia is a base in virtue of its ability to accept a proton 
from an acid, the resulting ammonium ion is an acid (just like an 
oxonium ion) in virtue of its ability to give up a proton, e.g., when the 
ammonium salt is dissociated into the free acid and base, NH,Cl —= 
NH, + HCl. In the case of ammonium acetate or pyridinium 
phenoxide, there is a similar reversal of function on the two sides of 
the equation : 


CH,-CO-OH + NH, == CH,-CO-ONH, 


acid base base acid 
-+ 
C,H;OH + NC,;H, == C,H,-O‘NHC,H, 
acid base base acid 


On the other hand, a metallic ion, which can neither give nor accept 
a proton, possesses no acid or basic properties of any kind, and 
cannot act as a catalyst for mutarotation. 


Applications of the Electrolytic Theory of Catalysis. 


(a) The Dual and Quadruple Theories of Acid Catalysis.—The 
“‘ dual theory ” of acid catalysis met with a good deal of passive 
resistance merely because it was not easy to see how an acid could 


* The ionisation of water cannot give rise to a free proton, and must 
therefore be written as 2H,O = OH,’ + OH’, instead of H,O + H* + OH’. 
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act as a catalyst apart from its acidity, 7.e., its ability to liberate 
hydrogenions. This difficulty no longer exists, however, if we admit 
that HX and OH,’ can both act as proton donators, and so con- 
tribute to the catalytic activity of the system, although only the ion 
is able to contribute directly to its electrical conductivity. Dawson’s 
“quadruple theory ’’ of catalysis presents even greater difficulties, 
since no hint is given to suggest why the anions of a salt should be 
catalytically active, but not the kations. The distinction thus made 
between anions and kations has, however, been shown to be 
fictitious, in that it only applies to metallic kations, which cannot 
take any part in a catalysis which depends on giving or receiving a 
proton; on the other hand, our own experiments have shown that 
the ammonium and pyridinium ions, which can give but not receive 
a proton, both act as catalysts for the mutarotation of a sugar in 
aqueous solutions. It is also clear that the catalytic activity of an 
anion depends on the weakness of the acid from which it is derived, 
and should therefore disappear, as experiment has proved (e.g., in 
the case of the chlorides), when the anion is derived from a strong 
mineral acid. If, then, we admit that the kations of a weak base 
and the anions of a weak acid possess similar catalytic functions to 
the hydrogen and hydroxy] ions, since they must also be classed as 
acids and bases in terms of the modern definitions, all the coefficients 
in Dawson’s equation for the catalysis of acetone are then seen to 
refer to molecules or ions which possess acid or basic functions, 
thus : 
v = k,[H+] + &,[A-] + koxf[OH-] + &,,[HA]. 


On the other hand, those molecules and ions which cannot act as 
acids or bases are omitted from the equation, since they are not able 
to influence the course of the change. 

(b) Catalysis by Neutral Water.—A similar difficulty to that en- 
countered in connexion with the dual theory of acid catalysis is 
presented by the constant term in Hudson’s equation for the velocity 
of mutarotation of glucose, which we may write as : 


k, + ky = 0-258[H] + 9750[0H] + 0-0096. 


The constant term, which accounts for practically the whole of the 
velocity at the isoelectric point, and for 92% of the velocity in 
neutral water, was regarded by ‘Kuhn and Jacob as a measure of 
the velocity of isomeric change in neutral molecules of sugar, and by 
Euler as representing the isomeric change of a “‘ zwitterion ’’ derived 
from the sugar; but it can be explained much more naturally by 
regarding it asa measure of the catalytic activity of neutral molecules 
of water. It was, however, very difficult to see how water could 
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act as a catalyst, in a process that is catalysed specifically by acids 
and alkalis, except by dissociation into hydrogen and hydroxy] ions, 
the activity of which was already allowed for in the equation. On 
the other hand, since the electrolytic theory of catalysis postulates 
that prototropic change depends on the combined action of an acid 
and a base, we may regard the first two terms in the above equation as 
representing the combined action of (i) a hydrogen (or oxonium) ion 
acting as a proton donator at one “ terminal ”’ of the sugar, with 
water as proton acceptor at the other, and (ii) a hydroxy] ion acting 
as proton acceptor at one “ terminal”’ point with water as proton 
donator at the other. There is then still room for a “ neutral 
water’’ term to represent (iii) the action of a molecule of water 
acting as a proton donator (with formation of a hydroxyl ion) at 
one terminal, with another molecule of water acting as a proton 
acceptor (with formation of an oxonium ion) at the other terminal. 
This neutral-water term, which is independent of the acidity and 
alkalinity of the solution, does not appear in Dawson’s equations, 
perhaps because the enolisation of acetone is too difficult a process 
to be effected to any appreciable extent by the combined action of 
two molecules of water and requires the intervention of at least one 
component with stronger acid or basic properties. Since, however, — 
components of both types are necessary for the effective catalysis of 
a prototropic change, all the other terms in his equation must be 
regarded as representing the combined action of the ions or mole- 
cules of the catalyst with neutral molecules of water, which would be 
present in an enormous excess in the dilute aqueous solutions with 
which he worked. 

(c) Hydrolysis.—Since the analogy between hydrolysis and proto- 
tropic change provided the experimental data from which the 
mechanism now under discussion was first deduced (J., 1925, 127, 
1379), it is inevitable that the electrolytic theory of mutarotation 
should be supplemented by an electrolytic theory of hydrolysis. 
Thus, when regarded from the point of view which is set out above, 
the rupture of the ester bond in hydrolysis and its formation in 
esterification are seen to involve a transfer of valency electrons, 
which is equivalent to the passage of an electric current; the process 
therefore again resembles an electrolysis of the organic compound 
between positive and negative poles provided by the acid and basic 
components of the solution. Whilst, however, any molecule or ion 
which is capable of accepting a proton from an organic compound 
can play the part of the base in promoting prototropic change, this 
is no longer true of hydrolysis, where the hydroxyl ion and the 
neutral molecule of water are the only catalysts which are able to 
provide the necessary atoms of oxygen and hydrogen. We can 
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therefore foresee that the acetate ion, which has such a marked 
effect on the mutarotation of glucose, can exert no direct action in 
promoting hydrolysis. Any effects which it can produce must then 
result from an indirect process of activating either the pre-existing 
hydroxy] ions or the ester, or (in some more vague way) the medium 
in which hydrolysis is proceeding. These effects may be purely 
apocryphal, although they have been used freely to support the view 
that catalysis by acids depends exclusively on the concentration of 
pre-existing hydrogen ions. It is, however, noteworthy that, whilst 
other workers have suspected that the undissociated acid as well as 
its ions can act as a catalyst in hydrolytic processes such as the in- 
version of cane sugar, the inherent activity of the anion of a weak 
acid was only demonstrated when catalysis was studied by a 
process depending on prototropic change, and not on hydrolysis. 
Whilst, therefore, it is quite possible that a physico-chemical 
analysis may disclose some influence of the anion on esterification or 
hydrolysis, it appears probable that this indirect effect will be very 
much smaller than the direct effects which have been observed in 
the iodination of acetone and in the mutarotation of glucose. 


Summary. 

(a) The catalysis by acids and bases of prototropic change and 
of hydrolysis is interpreted in terms of an electrolytic theory, 
according to which a flow of valency electrons through the molecule 
is produced by bringing a proton donator and a proton acceptor, or 
a hydroxy] donator, into contact with the two terminals of the labile 
complex. 

(6) An explanation is given of the parts played in the catalysis of 
isomeric change by (i) neutral water, (ii) the molecules of a strong 
acid, (iii) the anions of a weak acid, and (iv) the kations of a weak 
base. The ineffectiveness of metallic kations in isomeric change and 
of the anions of an acid in hydrolysis are also accounted for. 


University CHEMICAL LABORATORY, 
CAMBRIDGE. (Received, July 28th, 1927.] 


CCCXLI.—The Quantitative Estimation of Mixtures of 
Isomeric Unsaturated Compounds. Part II. Iodo- 
metric Methods. ; 


By Rearnatp Patrick LinsteaD and CreciL JOHN May. 


RapPip and quantitative addition of halogens to unsaturated sub- 
stances is known to be prevented if the double bond is in the af- 
position with respect to a negative group. In the case of iodine 
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this prevention has beer observed with a variety of compounds and 
is responsible for the low ‘‘ iodine numbers ” sometimes obtained. 
For mixtures of isomerides of the type CHRR,°CH:CHX («8) + 
CRR,:CH’CH,X (fy), where X is CO,H, CO,R, COR, or other 
negative group, the velocity of addition of halogen depends on the 
proportion of the isomerides present, and a bromine addition method 
for the analysis of such mixtures, based on this principle, has been 
described (this vol., p. 355). The present communication deals 
with the application of iodometric methods for the same purpose. 


I. Acids. 


Iodine may be added to unsaturated acids in the form of the 
chloride (Hiibl, Wijs), the bromide (Hanus), or as hypoiodous acid 
(Margosches, Bougault). In the present work these methods were 
tested by means of mixtures of two representative unsaturated acids, 
A}-cyclohexenylacetic acid (fy) and cyclohexylideneacetic acid («8). 
The «$-acid showed a much lower reactivity in every case, but the 
methods did not yield uniformly satisfactory results. Under the 
conditions of Hiibl and of Wijs the end-point in the back titrations 
was not clearly marked. The use of nascent hypoiodous acid from 
iodine, moist ether, and mercuric oxide (Bougault) was unsatis- 
factory for quantitative measurements. The method of Margosches 
and his collaborators (Ber., 1924, 57, 996) was of value when a high 
velocity of reaction was required (see p. 2569). In general, the 
sodium salt method of Bougault was most satisfactory (Compt. rend., 
1904, 139, 864; Ann. Chim. Phys., 1908, 14, 145). 

Bougault observed that when iodine in aqueous potassium iodide 
was added to unsaturated acids in sodium bicarbonate solution, 
aB-acids were apparently unchanged whilst fy-acids reacted to give 
as final products 8-iodo-y-lactones (I). Ponzio and Gastaldi 
(Gazzetta, 1912, 42, ii, 92) suggested that «B-acids react extremely 
slowly under these conditions, and their view has now been con- 
firmed. The difference between the reactivities of the isomerides, 
however, is large and hence the reaction, as suggested by Bougault, 
is of value for analytical purposes. According to Bougault the 
reaction of the Py-acids takes place by the addition of nascent 
hypoiodous acid; which must involve the formation of the inter- 
mediate (II). 

CRR’:CH’CH,°CO,Na 
(II.) Fe i ne (I.) 


CRR’(OH)-CHI-CH,°CO,Na 
Whilst the present work is not claimed to represent a full study of 
this reaction, the mechanism suggested above cannot be passed 
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without comment. In the first place addition of this type would 
involve an exceptionally high velocity coefficient for the reaction, 
account being taken of the facts that the formation of lactone is often 
extremely fast and the concentration of hypoiodous acid in the 
presence of the excess of sodium bicarbonate is very small (compare 
Francis, J. Amer. Chem. Soc., 1925, 47, 2340). Again, the sodium 
salt of a y-hydroxy-acid such as (II) should show no tendency to 
lactonise in alkaline solution. We suggest that the mechanism of 
the reaction is represented either by (A) or by (B), which is a modi- 
fication of (A) based on the views of Francis (Joc. cit.) on bromine 
addition, the first stage being the addition of positive iodine to the 
negative $-carbon of the ionised salt.* 


RR’C:CH-CH,-CO,Na +1,  [RR’C=CH-CH,-CO,Na] + (IT) 


RR’CI-CHI-CH,-CO,Na ai cen CO, +[Na ]] 
RR'C-CHI-CH,CO + Nal RR'C-CHL-CH {0 
in eo 
(A) ) 


The velocity of addition inter alia would be inversely proportional 
to the concentration of the salt of the di-iodo-acid (or its ionic 
equivalent) and would therefore be greatest when this was most 
rapidly removed as the insoluble lactone. The lack of reactivity of 
the «$-acids can thus be attributed in part to the instability of the 
«-iodo-8-lactones which would be formed as final products. Recent 
investigations have shown that the presence of two $-substituents has 
a stabilising influence on the f-lactone ring and facilitates its form- 
ation, as anticipated by the Thorpe—Ingold modification of the 
Baeyer theory (private communication from Mr. S. F. Biggs). It 
is therefore to be expected that addition of iodine to «B-acids may be 
appreciable in the case of 68-disubstituted acids. We find that with 
a large excess of iodine under the conditions of Bougault, cyclo- 
hexylideneacetic acid gives 32% addition in 24 hours, while with 
equivalent amounts of reagents the reaction occurs to the extent of 
some 1% per hour. 

The method described by Bougault (Joc. cit.), which depends on 
the actual isolation and weighing of unchanged acid («$) and of 
iodo-lactone, gives only approximately correct figures, as it is not 
possible to obtain complete reaction of the fy-acid without some 
conversion of the «8. In addition, §-iodo-lactones are unsatis- 
factory substances for quantitative estimation owing to the ease with 


* We are indebted to Professor R. Robinson, F.R.S., for this suggestion. 
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which the iodine atom is displaced by hydroxyl. The following 
methods of analysis give satisfactory results. 

(1) When the pure isomeric acids are available. The reaction of 
iodine with the mixed sodium salts is carried out as described in the 
experimental portion of this paper. The use of the concentrations 
suggested by Bougault leads to irregular results and in general the 
presence of an excess of iodine is detrimental. The most satis- 
factory results are obtained by using equivalent quantities of N /20- 
iodine and N/15-acid (against alkali). A curve connecting com- 
position and percentage addition of iodine is constructed as described 
in Part I and the compositions of unknown mixtures are found by 
reference to it. This method is more convenient than that involving 
bromine addition and the absence of substitution reactions renders 
it more accurate. The experimental error does not exceed 1%. 

(2) When the isomeric acids cannot be isolated in the pure state. 
With certain acids (see e.g., Kon and May, this vol., p. 1549) it is 
either impossible to obtain definite evidence of homogeneity or else 
no methods are available for the complete separation of the isomer- 
ides, and the interpolation method can no longer be used. In these 
circumstances the separation method of Bougault has been applied 
to obtain the value for the position of equilibrium in the cyclo- 
heptylideneacetic acids (Kon and May, loc. cit.), and the figure so 
obtained remains to be checked by the more accurate method now 
available. Attempts were also made to isolate pure ditsobutylacrylic 
acid from mixtures by this method, but very little was obtained 
owing to the velocity of reaction of the «$-acid with iodine. It 
has now been found possible to apply a correction for this source of 
error, which prevents the direct determination of the iodine taken 
up by the By-acid. The extrapolation method described below takes 
advantage of the relatively small reaction of an «$-acid in mixtures 
containing its isomeride. 

If iodine absorption is plotted against time for a pure Py-acid, the 
curve will be that of an ordinary bimolecular reaction, ultimately 
becoming asymptotic to the line of 100% addition. The curve for 
the «8-isomeride will follow the same general course, but over the 
period during which Sy-addition goes to completion it will approx- 
imate to a straight line. For a mixture of the two acids, the curve 
will resemble that for the pure By-acid, but instead of becoming 
asymptotic to a line parallel to the time axis it will continue along a 
line representing the «$-addition after all the Py-acid has reacted. 
If, therefore, this rectilinear portion of the curve is continued back 
to meet the axis, the point of intersection will represent the addition 
due to the By-acid alone. Or, if a, and a, are the addition values 
after times ¢, and f,, then By-addition = a, — t, (@, — a,)/(é, — t,). 


J 
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It is, of course, only a first approximation to assume that the rate 
of «f-addition remains constant during the progress of the y- 
reaction : actually it progressively decreases. The error involved, 
however, is not large if the conditions of experiment are carefully 
controlled. To test the accuracy of results so obtained, a series of 
titrations was carried out with mixtures of A}!-cyclohexenyl- and 
cyclohexylidene-acetic acids of known composition; the curves 
are shown in Fig. 2. 

The strengths of the solutions and the details of the titrations are 
similar to those described in the experimental portion of this paper 
for the interpolation method (p. 2573). For a given mixture, four 
or five determinations of iodine addition must be made at accurately 
known intervals of time. The following additional features require 
attention. 

(i) In general, the time for complete reaction lies between 2 and 3 
hours, provided that the amount of #y-acid is not above 50% and 
that the theoretical amount of iodine for 100% addition has been 
added. Sometimes, however, strict adherence to these conditions 
makes it necessary to extend the titrations for an inconveniently 
long time. The period may be shortened by employing an excess of 
iodine, but this device leads to the occurrence of side reactions. 
The necessary increase in reaction velocity may be brought about by 
applying the method of Margosches (loc. cit.), which eliminates 
potassium iodide by using alcoholic solutions of iodine. The 
retarding influence of potassium iodide on the reaction velocity is 
clearly shown by the following figures for the reaction with hydro- 
sorbic acid (CH,*CH,*CH:CH-CH,°CO,H): Solutions of 0-0696 g. 
(0-61 x 10-° g.-mol.) of the unsaturated acid in 10 c.c. of saturated 
bicarbonate solution and of 0:1580 g. (0-613 x 10° g.-mol.) of 
iodine in 25 c.c. of 50% ethyl alcohol were added in the order 
named to 10 c.c. of water containing a definite quantity of potassium 
iodide. The % reactions were : 

KI (g.-mol. x 107%) .... 0 0-157 0-314 0-470 0-784 0-941 1-167 
% Addition in 10 mins. 54-4 48-2 43-2 406 36-2 34:0 32:8 

The occurrence of side reactions is not eliminated by this modifi- 
cation, for the curve for the pure By-acid shows a noticeable rise above 
100% absorption. This does not appear to affect the results appre- 
ciably and it would seem that the effects of the side reaction are 
eliminated by the process of extrapolation employed. 

(ii) While it is necessary to use sufficient iodine to ensure the 
virtual completion of the ®y-reaction within a reasonable time, any 
considerable excess over this amount is to be avoided; the amount 
of iodine used may therefore be reduced below the theoretical 
quantity for complete reaction of both acids, provided that an 
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excess of 10—20% above that required for complete fy-addition is 
used. The requisite amount can be determined by carrying out a 
rough preliminary examination of the mixture. 

(iii) The most satisfactory method of conducting the experiments 
is to mix the acid and iodine solutions in bulk and to remove aliquot 
portions for titration at definite times. This can, however, only be 
done when the lactone formed is soluble in the particular solution 
employed. Otherwise there is a tendency for the precipitated 
lactone to carry down iodine, and it becomes necessary to prepare a 
number of separate solutions, similar in all respects, each one being 
titrated as a whole. Iodine occluded in this way does not harm the 
accuracy of each individual titration, as the lactone is dissolved by 
the chloroform which is first added. 

The application of this method to the determination of the taut- 
omeric equilibria in the dipropyl- and ditsobutyl-acrylic acids is 
described on p. 2575. 

II. Neutral Substances. 


The substances examined were ketones and esters, but the 
methods employed should be applicable to nitriles, substituted esters 
such as cyano-esters, and probably to olefines containing a phenyl 
substituent. These compounds were known to add on halogens 
much more readily than the corresponding acids and it was therefore 
necessary to find considerably milder reaction conditions. In the 
first place, the use of bromine in an inert solvent was tried at lower 
concentrations than those used for the acids (Part I, loc. cit.). This 
work was carried out on the isomeric ketones (III) and (IV) and it 
was only under extremely mild conditions that the addition to the 
By-ketone (III) was sufficiently slow to be measured. The reference 
figures for the pure ketones being known, the equilibrium between 
them was studied : 


(III.) CHMe:CEt-CH,,-COMe == CH,Me-CEt:CH:-COMe (IV.) 


It has been shown (Kon and Linstead, J., 1925, 127, 815) that this 
interconversion occurs in cold sodium ethoxide solution, the extent 
of the change in 28 hours being 15% By—>«B and 35% «8 —>fy. It 
is now found, by the bromine method of analysis, that equilibrium is 
attained in about 30 hours and is approximately 14% «$-ketone > 
86% By-ketone. The experimental error, however, is high, at least 
2%, and a redetermination by the more accurate iodine chloride 
method given below has not yet been possible owing to lack of 
material. 

Use of Iodine Chloride——The well-known Hiibl method for the 
determination of iodine numbers may be modified to give satisfactory 
results. It has been applied in a number of cases, but only three, 
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namely, ethyl styrylacetate (CHPh:CH-CH,°CO,Et), ethyl cyclo- 
hexylideneacetate, and ethyl A!-cyclohexenylacetate, will be 
described. As in the Hiibl method, the unsaturated substance or 
mixture of substances is allowed to react with iodine chloride pre- 
pared from mercuric chloride and iodine in alcoholic solution. The 
concentrations of the reagents are, however, lower than those under 
Hiibl’s conditions and the substances are brought together in equiv- 
alent amounts. When the pure isomerides are available, an addition 
curve is constructed in the usual way and the composition of an 
unknown mixture is determined by reference to it. The experi- 
mental procedure for this method is given on p. 2578. In cases where 
the pure isomerides are not available the extrapolation method 
already described should be of value; we have, however, not yet 
tested it. 

No evidence of the movement of the double bond in ethyl styryl- 
acetate could be obtained by comparing its iodine figures before and 
after treatment with sodium ethoxide (compare Linstead and 
Williams, J., 1926, 2735), for the action of this agent led to partial 
hydrolysis and partial polymerisation. 

Unlike ethyl styrylacetate, ethyl A!-cyclohexenylacetate shows 
no tendency to condense in the «$-phase under the conditions of the 
Michael reaction and therefore it was not expected that sodium 
ethoxide would cause any tautomeric change in this ester. At 60°, 
however, the isomeric esters were readily interconvertible and 
analyses by the iodine chloride method indicated that an equilibrium 
was reached in the neighbourhood of 10% «$-ester—== 90% Sy-ester ; 
the equilibrium mixture derived from the «$-ester was carefully 
hydrolysed and substantially pure fy-acid obtained. The equil- 
ibrium figure is close to that (12% «== 88% Sy) found for the corre- 
sponding acids in caustic alkali solution (Linstead, this vol., p. 2579). 
It would appear probable that the esters of mono-olefinic acids under- 
go a reaction analogous to the Fittig change. This does not seem to 
have been observed previously, although many examples of changes 
in unsaturated esters containing a second negative group have been 
recorded (compare Thorpe, J., 1905, 87, 1670; Vorlainder, Annalen, 
1906, 345, 244; Farmer, J., 1923, 123, 3324). This branch of the 
work is being further investigated. 

The iodine chloride addition method has now been used in a study 
of the pulegone— > isopulegone change and is being used in that of 
other tautomeric ketones. 


EXPERIMENTAL. 


Materials.—The A}-cyclohexenyl- and cyclohexylidene-acetic acids 
satisfied the usual criteria of purity. The $£-dipropylacrylic acid, 
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68-ditsobutylacrylic acid, and their isomerides were the original 
materials prepared by Kon and May (loc. cit.). The isomeric ethyl- 
hexen-f-ones (III and IV) were prepared by Kon and Linstead’s 
method (loc. cit.) and had the following properties: f+ y-Ketone, 
b. p. 70°/20 mm. ; semicarbazone, m. p. 141° after one crystallisation. 
«a®-Ketone, b. p. 71°/18 mm.; semicarbazone, m. p. 156° without 
crystallisation. Ethyl styrylacetate, prepared by esterification of 
the pure acid, had b. p. 162°/24 mm. This ester underwent slow 
fission to benzaldehyde on standing and was redistilled immediately 
before use. Ethyl cyclohexylideneacetate, prepared from the pure 
acid through the acid chloride (b. p. 104°/11 mm.), had b. p. 111°/16 
mm. Ethyl A!-cyclohexenylacetate, made from the pure solid acid 
through the acid chloride (b. p. 86°/13 mm.), had b. p. 95°/14 mm. 
The iodine used was of analytical purity. 

Reaction of the Isomeric cycloHexenylacetic Acids with Iodine.— 
(1) Qualitative. Excess of iodine in aqueous potassium iodide was 
added to a solution of the Sy-acid in aqueous sodium bicarbonate. 
A resinous oil was formed almost immediately, and after 5 minutes 
this was extracted with ether; the extract was washed with solu- 
tions of sodium thiosulphate and sodium carbonate and dried. The 
ether was removed cautiously, the last traces in a good vacuum ; the 
residue slowly solidified. Subsequent preparations were readily 
induced to crystallise by seeding. The crude product was pressed 
on @ porous tile and then boiled in ether with the addition of animal 
charcoal. The purified lactone, obtained by filtration and evapor- 
ation, was recrystallised from light petroleum, the y-lactone of 


1-iodo-2-hydroxycyclohexylacetic acid, CoH I< 6h >CO, separating 


in white prisms, m. p. 58° (Found: C, 36-0; H, 4:3; I, 46:3. 
C,H,,0,I requires C, 36:1; H, 4:2; I, 47-7%). It is soluble in 
organic solvents except cold light petroleum, insoluble in water 
and in alkali carbonate solutions, but soluble in caustic alkalis. 
The crude material has a strong characteristic smell, which is 
diminished by purification. Hot petroleum solutions develop a 
characteristic pink colour which is not due to the liberation of 
iodine. The liquefied lactone decomposes vigorously at 80—100° 
with the formation of free iodine. 

When treated with iodine under similar conditions, the isomeric 
«B-acid slowly formed an insoluble resin, which had a strong smell 
quite different from that of the preceding lactone and could not 
be obtained in a pure condition. The rate of reaction of the 
af-acid under these conditions was determined in the following 
experiments. 

i. 0-4986 G. of the acid in 25 c.c. of saturated aqueous sodium 
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bicarbonate was treated with 25 c.c. of iodine solution of Bougault’s 
concentration (25 g. I,, 40 g. KI, water to 125 c.c.). % Addition 
found : (in 2 hrs. 10 mins.) 7; (in 24 hrs.) 30, 34. 

ii. 0°7140 x 10° G.-mol. of the acid in 10 c.c. of the bicarbonate 
solution was treated with 0-6435 x 10-* g.-mol. of iodine in potassium 
iodide solution. °%% Addition found: (in 1 hr.) 1; (in 2 hrs.) 1-9; 
(in 2 hrs. 30 mins.) 2-7. 

(2) Quantitative. When mixtures of the acids were treated under 
the analytical conditions described below, the product was a mixture 
of the 1-iodo-y-lactone and the unchanged «$-acid. The following 
experiments indicate the degree of completion of the separation. 
The mixed acids in known proportion (1—2 g.) were dissolved in 
some 15 c.c. of saturated sodium bicarbonate solution, and iodine 
(3 g.-atoms to 1 of acid) was added in potassium iodide solution of 
Bougault’s concentration.: After 1—2 hours, 4 c.c. of saturated 
sodium carbonate solution were added and the lactone was isolated 
in the manner already described. The «8-acid was separated from 
the carbonate solution in the usual way and weighed. The weight 
of By-acid present in the mixture was calculated from the weight of 
crude lactone. 

Mixture 1. Found: «f-acid, 81:8; fy, 196% (= 101-4%). 
Actual «8-acid, 85%. 

Mixture 2. Found: af-acid, 48:5; By, 47-7% (= 96-2%) 
Actual «f-acid, 52-6%. 

Mixture 3. Found: af-acid, 80:7; By, 243% (= 105%). 
Actual «f-acid, 76-3%. 

Titration Methods of Analysis.—(1) By interpolation. To find 
the most satisfactory conditions of reaction, various concentrations 
of the reagents were tried. The results are shown in Fig. 1. Curves 
a, b, and c were obtained on using 500, 250, and 100% excess of 
iodine respectively, and curves d and e on using the reagents in 
exactly equivalent proportion. The high addition values in series 
a and 6 are due to side reactions still under investigation. Some 
reaction of the iodine with traces of carbonate present certainly 
occurs. Curve e is the standard reference curve, obtained by using 
0-033 g.-mol. of each reagent per litre. 

In carrying out a determination, the acid (1/60th g.-mol.) is 
dissolved in a little saturated sodium bicarbonate solution without 
heating, and the mixture is then. made up to 250 c.c. with the 
bicarbonate solution. To 10 c.c. of the solution, contained in a 
stoppered bottle, the theoretical quantity (about 28 c.c.) of approx- 
imately N /20-iodine (in potassium iodide solution) is added, and the 
reaction is allowed to proceed for 10 minutes in the dark; 10 c.c. of 
chloroform and about 200 c.c. of water are then added, the solution 
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is acidified with hydrochloric acid, and the unchanged iodine 
immediately titrated with N /20-sodium thiosulphate.* 

The time of reaction can be altered to bring out the difference i in 
reactivity of any pair of isomerides, provided that the time taken in 
analyses of unknown mixtures of the isomerides is the same as that 
taken in the analyses from which the reference curve is constructed. 
Exact thermostatic control of temperature is unnecessary, but large 
temperature changes obviously introduce a source of error and are to 


be avoided. 
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By plotting %% addition of iodine against composition a smooth 
curve is obtained (curve e, Fig. 1) which can be used for the analysis 
of unknown mixtures of these acids. 

(2) By extrapolation. The titrations were carried out as in the 
preceding method. 


* The acidification is desirable, as traces of carbonate present in the bi- 
carbonate react with hypoiodous acid as follows (Bougault, Compt. rend., 
1917, 164, 949) : 

I, + H,O =— HIO + HI; 2HIO + Na,CO, —>Nal0; 
4Nal0 + Na,S,0, + H,O —>2NaHSO, + 4Nal. 


The last reaction proceeds concurrently with the ordinary titration reaction 
and requires only 1/8th of the normal amount of thiosulphate per g.-mol. of 
free iodine. In the early work described above, this precaution was omitted 
and there is therefore a slight absolute error. 
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TABLE I. 
Mixtures of A!-cycloHexenyl- and cycloHexylidene-acetic Acids. 


% aB-Acid ............ 100 83-7 75-0 66-7 
% Addition ......... 5:9, 4-9, 6-3 21-0, 22-4 28-5, 26-8 34-7, 33-3 
% aB-Acid ............ 50 33-3 25-0 16-7 
% Addition ......... 43-5, 43-7 53:6, 53-1 56-7, 56-2 60-2, 60-5 
% aP-Acid .........+. 0 
% Addition ......... 66-4, 65-5, 65-5 
TaBLeE II. 
Test Mixtures of A!-cycloHexenyl- and cycloHexylidene-acetic Acids 
(see Fig. 2). 
Acid in 10 c.c. Iodine added _Iodine % By-Acid. 
Mixture. (g.-mol.x 10%). (g.-mol. x 10%). solution. Actual.* Found. 
A 0-7140 0-6435 25 c.c. aq. 0 —0-1 
B 0-5897 - 0-6451 ‘i 8-7 9-4 
C 0-5508 0-6470 a 23-7 24-7 
D 0-7012 0-6451 - 40-1 40-5 
E 0-7226 0-7280 60-9 61-3 
F 0-4936 0-51790 15 c.c. ale. 81-4 82-5 
G 0-7106 0-8413 32:5 c.c. ale. 100 103 


* These points are shown in Fig. 2, marked ©, where the ordinates represent 
% By-acid for this purpose. 


The iodine solutions in aqueous potassium iodide were similar to 
those used in the previous method. The solution in alcohol which 
was used in all the determinations described in this paper had the 
composition : iodine 6-35 g., 95% ethyl alcohol 600 c.c., water to 
1 litre. 

The accuracy of the method will not, in most cases, exceed + 5%, 
as we consider the cyclohexenylacetic acids to be an exceptionally 
favourable pair. The method, however, is the only one capable of 
giving trustworthy results for acids which cannot be completely 
separated from their isomerides. As such it has been applied in the 
two cases studied by Kon and May (loc. cit.). 

Equilibrations.—1. Dipropyl-acids. 88-Dipropylacrylic acid and 
its A*v-isomeride were heated with aqueous potash under the follow- 
ing conditions : 


a. fy-Acid heated with excess 60% potash for 24 hours. 
b. By- ” ” 


” ”? 60% 99 24 ”° 
then with: 20% Pe ) a 
c. ap- ” ” ” ” 60% ” 48 ” 
d. af- ” ” ” ” 20% ” 48 ” 


The results of iodine absorption by the products (Table III) show 
that equilibration is slow in 60% potash, probably owing to the 
sparing solubility of the potassium salts of the acids at this 
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concentration. The effect on the result of an increase in iodine 
concentration is shown by the two analyses (cA and cB) of the pro- 
duct in experiment c. 
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2. Diisobutyl-acids.—Only one accurate determination has been 
carried out, on a mixture of $8-ditsobutylacrylic acid and its A*- 
isomeride which was heated with 60% potash for 24 hours. The 
result obtained (51-5% of Sy-acid) by the iodine absorption method 
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agrees with that to be expected from the physical properties of the 
mixture (Kon and May, loc. cit.). 


TaBLeE III. 
68-Dipropyl- and $£-Diisobutyl-acrylic Acids (see Fig. 3). 


Todine in 265 c.c. 
Acid in 10c.c. alcoholic solution, % By-Acid 


Mixture. (g.-mol. x 10%). (g.-mol. x 10°). found. 
Dipropy]l. 
aA 0-5720 0-6182 (74:9) 
bA 0-6810 0-6458 68-6 
cA 0-6298 0-6458 62-5 
cB 0-5530 0-7350 (76-2) 
dA 0-4238 0-4125 66-3 
Mean 65-8 
Diisobutyl, 
eA 0-6380 0:6265 515 


Addition of Bromine tothe Isomeric Ethylhexenones.—The reaction 
with bromine was studied by the method given in Part I (this vol., 
p. 355). The reaction of the «$-ketone with an equimolecular 
quantity of bromine was approximately bimolecular; the mean 
velocity coefficients obtained under various conditions are in 
Table IV, where c is the concentration (g.-mol. per 1.) of each reagent. 


TABLE IV. 
Solvent. c. Temp. Mean k. 
SEe) isbsnkoosecnnsendediseus 1/60 25° 0-0141+-0-0059 
sail sults stile cui . ‘is 0-0151+0-0094 
RRO aie ms in 0-0024+ 0-0008 
DEEL + ptctesavstasesuecasieds * 0 0-195 +0-035 
MEL. Xidsdereonsierceasbores 1/120 25 0-0052+-0-0004 


The order for the rates of reaction in the various solvents at 25° is 
the same as that found by Herz and Mylius for cinnamic acid 
(Ber., 1906, 39, 3817), namely, CS,>CCl,>CHCl,. Under all the 
above conditions the fy-ketone reacted completely (within the 
limits of experimental error). 

Experiments at 25° with concentrations of the reagents each 
1/300 g.-mol. per litre of carbon tetrachloride (a bromine solution 
at this dilution retained its strength during the necessary interval 
of time) showed that the ®y-ketone reacted completely in 6—7 
minutes, whereas the reaction of the «8-ketone was quite slow. The 
addition figures over a 2-minute interval were determined and com- 
pared with those obtained for the equilibrated ketones (prepared in 
the usual way from the parent ketones by the action of cold sodium 
ethoxide solution). The figures given in Table V are subject to 
considerable experimental error owing to the small differences 
measured. 
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TABLE V. 
Ketone. Treatment. Mean % addition of bromine in 2 mins, 
aB Pure. 37-9 + 0-6 
ap NaOEt, 24 hrs. 83-3 
ap NaOEt, 48 hrs. 89-3 
By NaOEt, 48 hrs. 89-2 
By Pure. 97-3 + 1-9 


By interpolation the equilibrium is found to be approximately 14% 
aB-ketone—= 86% By-ketone. In confirmation, the semicarbazone 
of the equilibrium mixture was prepared and was found to be mainly 
that of the fy-ketone. 

Use of Iodine Chloride-—The two standard solutions required in 
this method contain respectively 3-384 g. of iodine and 5-076 g. of 
mercuric chloride per 100 c.c. of 95% ethyl alcohol. These solutions 
are mixed in equal parts 24 hours before use ; the mixture does not 
retain its strength. 10 C.c. are approximately equivalent to 1/1500 
g.-mol. of a mono-olefinic substance. 

An analysis is carried out by weighing out 1/300 g.-mol. of the 
unsaturated substance into a graduated flask and dissolving it in 
50 c.c. of pure carbon tetrachloride. 10 C.c. of this solution are 
pipetted into a stoppered bottle. The iodine chloride solution 
prepared as described above is standardised against N/20-sodium 
thiosulphate and the exact theoretical amount is run into the solu- 
tion of the unsaturated substance from a burette.* The reaction is 
allowed to proceed in the dark. At the end of a convenient time, 
determined by preliminary experiments, the mixture is treated with 
some 30 c.c. of 10% potassium iodide solution and 300 c.c. of water, 
and the unchanged iodine chloride is determined by back titration. 
The isomeric ethyl cyclohexenylacetates showed the expected large 
difference in reaction; the figures for these esters and for ethyl 
styrylacetate under these conditions are in Table VI. 


TABLE VI. 
Time (mins.). 
10. 20. 60. 
% Addition ( cyclohexylideneacetate (af) 0-2 2-2 4-2 
to A}-cyclohexenylacetate (By) 56-0, ' 1 62-0 69-8 
ethyl styrylacetate (By) 34: 46-4 62-7, 61-8 


* If M is the mol. wt. in g. of the substance, ¢ is the titre of 10 c.c. of iodine 
chloride solution, and F' the factor of the thiosulphate (1 c.c. = F g. of iodine), 
then the volume of iodine chloride solution (J) required by 10 c.c. of a solution 
containing x g. per 50 c.c. is given by (i) J = 507°62/MtF, and the % of 
unchanged substance at the end of the reaction period by (ii) 10007'/J, where 
T is the back titre. Expression (i) allows for small discrepancies in weighing 
the unsaturated material; 2/M should equal 1/300 to the nearest milligram. 
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There was no back reaction with the «$-ester after titration, but a 
slow liberation of iodine occurred in the case of the two By-esters. 

Artificial mixtures of known amounts of the two cyclohexenyl- 
acetates reacted as follows in 1 hour : 


0 


% ap-Ester...... 100 75:1 50-2 33-5 25-1 
9-7 69:8 


% Addition ... 4:2+0°5 23°5+0-05 43-340-05 545103 5 

The smooth composition-addition curve given by these figures 
was then used to determine the compositions of equilibrated mixtures 
of the esters. The pure esters were refluxed at 60° with an equi- 
molecular amount of alcoholic sodium ethoxide for 43 hours. The 
product was in each case poured into water and extracted with ether. 
After drying and removal of the ether the residue was fractionated. 
Some 15—20% of liquid was isolated (b. p. 134°/12 mm., probably 
8-ethoxy-ester), but the bulk of the material was recovered as 
unsaturated ester, which had the following properties : 


% Addition of iodine % af-Ester 


Parent ester. B. p. of product. chloride i in 60 mins. (calc.). 
a 94—102°/12 mm. 68-4 + 0-1 6 
By 102—107°/17 mm. 63-8 +. 0-05 16 


The equilibrium appears to be of the order of 10% «8-ester— = 90% 
Py-ester. 

The equilibrated ester from the «$-ester was hy drolysed under 
conditions precluding isomeric change in the acids, namely, at room 
temperature with 10% alcoholic-aqueous sodium hydroxide for 
4 days. The acid isolated in the usual way was found to consist 
of Al-cyclohexenylacetic acid [plates, m. p. (crude) 33—34°], con- 
taminated with an oily mixture which deposited more fy-acid but 
no «f-acid on standing. 


The authors wish to express their thanks to Professor J. F. Thorpe, 
F.R.S., and Dr. G. A. R. Kon for their interest in this work. 
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CCCXLII.—The Chemistry of the Three-carbon System. 
Part XIV. The Effect of Conditions on Isomeric 
Change in Unsaturated Acids. 


By Rearatp Patrick LINSTEAD. 


In previous papers of this series the terms “ mobility” and 
“position of equilibrium ” were used somewhat freely, but their 
expression in quantitative terms was not possible. The position 
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of equilibrium was assumed to be constant for a definite pair of 
isomerides, and subsequent experimental evidence has supported 
this view (Linstead, this vol., p. 362; Johnson and Kon, J., 1926, 
2748). The work of the latter on the 6-alkylcinnamic acids, how- 
ever, was based on a salt-separation method, whilst that of the 
present author on the cyclohexane acids was limited in scope. 
Further work has now been carried out on this important point 
and on the quantitative expression of mobility. The technique of 
the equilibration experiments has been improved and the con- 
venient iodine method of analysis (Linstead and May, preceding 
paper) has been used in place of the bromine method. 

The value now found for the equilibrium is 88-2% A}-cyclo- 
hexenylacetic acid (Sy) == 11-8% cyclohexylideneacetic acid («f), 
which confirms that (8812) previously reported. The probable 
accuracy of both analytical methods is shown by the agreement 
between the results. In addition, it has now been found that this 
position of equilibrium is, within the limits of experimental error, 
independent of temperature, concentration of the unsaturated acid 
and of the catalytic alkali, the nature of the alkali, and the presence 
of alcohol. It may therefore be regarded with some certainty as a 
structural constant. The independence of the equilibrium point of 
temperature indicates that the reaction between the acids, whilst 
requiring considerable energy for its inception, takes place with 
scarcely any heat change. In view of the work of Derick (J. Amer. 
Chem. Soc., 1910, 32, 1333), it is of interest to note that the ionis- 
ation constants of the two acids are very similar, 0-00260 for the 
a8- and 0-00249 for the By-acid (Zelinski and Izgaryschev, J. Russ. 
Phys. Chem. Soc., 1908, 40, 1379). 

The mobility of systems such as these, tautomeric in the presence 
of a powerful catalyst, can only be expressed rationally in terms of 
the velocity of the interconversion reaction. As previously pointed 
out (this vol., p. 368), a definite set of conditions has to be standard- 
ised before the mobilities of different series can be compared. 
From a survey of the results so far obtained, the following have 
been selected as the most convenient conditions : The equilibration 
is carried out at 100°, the unsaturated acid being treated with 
25% aqueous potassium hydroxide (ten times the quantity required 
for exact neutralisation).* The velocity coefficient of interconver- 
sion is given by k, + k, = log. {€/(— — )}/t (this vol., p. 367). It 
is proposed to take the expression 100 (k, + k,), when t is expressed 


* If 0-01 g.-mol. of unsaturated acid is used, this quantity is 18-12 c.c. of 
a solution containing 25 g. of potassium hydroxide in 100 g. of solution 
(30-96 g. in 100 c.c.), dy 1-239. Solutions between 24 and 26%, if used in 
equivalent amounts, may be taken as satisfactory. 
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in hours and — and 2 in g. of potassium salt per c.c. of water, as a 
convenient numerical figure for the degree of mobility of the system. 
For the acids here dealt with, this figure becomes 10-0 + 1-3 units (see 
p. 2584). Previous work was not carried out under these standard 
conditions, but various acids, including the simplest straight-chain 
olefinic acids, are now being examined with a view to obtain definite 
values for their mobility and position of equilibrium. 


EXPERIMENTAL. 


Equilibration.—A!-cycloHexenylacetic acid and cyclohexylidene- 
acetic acid were prepared and purified by the standard methods. 
The acid under investigation (1-40 g.; 0-01 g.-mol.) was sealed up 
in a thick-walled tube of resistance glass with the appropriate 
amount of alkali. The concentrations and the excess of the 
alkali solutions were varied to suit the particular conditions required. 
The concentrations, allowing for neutralisation, of the potassium 
salt of the acid and the excess alkali in the various solutions are 
given in Table I. 


TABLE I. 
Concentrations of Reactanis. 


Amount present (g.). Concentration (g./c.c.). 
Sol. K salt. KOH. Water. K salt. KOH. 
A 1-78 5-04 15-74 0-114 0-321 
B » ” 17-53 0-102 0-287 
Cc a 0-56 3-29 0-541 0-170 
D - = 22-63 0-079 0-025 
E ee - 13-93 0-128 0-041 


Solutions A and B are approximately “ standard,”’ the theoretical con- 
centrations conforming with the conditions given on p. 2580 being 0-105 g. K 
salt and 0-297 g. KOH per c.c. 


The reaction tube was heated at the desired temperature in a 
bath of boiling liquid (chloroform, 61-:2°; trichloroethylene, 87°; 
water, 100°; saturated solution of potassium nitrate, 115°). At 
the end of the required interval of time the product was freed 
from a trace of lactone in the usual way and the acid was dried, 
carefully freed from solvent, and weighed. The loss was of the 
order of 5%. 

Examination of the Mixed Acids.~—In the earlier work little or no 
addition of water to the double bond occurred when the unsaturated 
acids were boiled with 60% alkali. The absence of such addition 
products was shown in the present work by the normal iodine 
addition values of all the products and by the fact that no hydroxy- 


acid could be isolated by Fittig’s method (separation by steam 
4s 
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distillation), although in control experiments a quantity of 2% 
could readily be isolated under the conditions used. 

The mixed unsaturated acids were then examined by the iodine 
addition method (First method, Linstead and May, loc. cit.) and 
the proportion of the isomerides was determined by reference to 
the standard curves. 


Tabulation and Examination of Results. 
I. Point of Equilibrium.— 


TABLE II. 
Concentrations of Reagents—A (Table I). 
Product. 
Initial Time - —~ 
Expt. material. Temp. (hrs.). % Addition of iodine. % af-Acid. 
1 aB-Acid 100° 21 61-8; 62°8; 62°8; 63-0 12-0 + 1-0 
2 ph es 23 63-8; 62-8; 63-2; 62°55 108-+1-0 
3 wi re 49 63-7; 62-7; 62-7 10-8 + 1-1 
4 fe B. p. 75 62-6 12-2 
5 By-Acid 100 8-8 62-6; 62-5; 61-0 13-3 + 1-7 
6 om _ 24 62-9 11-0 
7 Y 115 17-5 63-2 10-5 


The effect of less vigorous conditions was most conveniently 
tested by starting with the equilibrium mixture. A quantity of 
this (addition value, 62-6°%; «®-acid content, 12-2%) was prepared 
from the «$-acid and treated under the following conditions : 

(8) Concentrations, A; temperature, 61°; time, 24 hrs. The 
product had addition value, 62-59%; «®-acid content, 123%. 

(9) 1-40 G. of the equilibrium mixture were treated with 18-62 c.c. 
of 24-4°% KOH solution (B) and an additional 18-62 c.c. of ethyl 
alcohol were added. Temperature, 100°; time, 24 hrs. The 
product had addition value, 63-1%; «f-acid content, 10-5%. 

(10) 1:40 G. of the equilibrium mixture were treated with ten 
times the amount required for neutralisation of a 25% solution of 
sodium hydroxide. The product had addition value, 61:3%; 
aB-acid content, 15-0%. 

The mean of these results corresponds to an «f-acid content at 
equilibrium of 11:8%-+1-1%. The corresponding mean value 
for the equilibrium in boiling 40, 50, and 60% potassium hydroxide 
solutions is 12% + 0-8% (Linstead, loc. cit.). The equilibrium is 
therefore constant over a wide range of conditions. 

Il. Effect of Temperature on Mobility—These experiments were 
carried out with the “standard” solutions, namely, at concen- 
trations (A). In experiments 18 and 22 the slightly weaker solution 
(B) was used. The initial material was «$-acid throughout, except 
in experiment 28 where #y-acid was used. 
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TaB.Le ITI. 
Interconversion under Standard Conditions. 
Product. 

Expt. Temp. Time (hrs.). % Yield. % Addition of iodine. % af-Acid, 
ll 61° 2-0 97 — 100 * 
12 = 5-0 97 -- 100 * 
13 87 5°5 96 16-3; 16-3 90:4 
14 ne 17-25 90 25-6; 25-2; 25-6 78-7 + 0-2 
16 . 21-0 91 26-5; 24:7; 23-2; 25-0 79641-3 
16 eo 7-0 97 44-2; 43-5; 43-6 49-7 + 0-5 
17 100 2-0 oo 25-1; 23-5 80-3 + 1-0 
18 ae 3-92 86 26-8; 26-0 77-5 + 0:5 
19 “ 6-0 — 37:8; 37-5; 36-9 60-5 + 0-5 
20 ” 6-0 90 34:6; 34:4; 34-9 65-1 + 0-2 
21 oe 8-0 94 40-2; 38:8; 38-8; 37-6 658-1+1-2 
22 ‘a 8-75 91 43-8; 44-2 49-5 + 0-5 
23 sa 10-0 94 47-4; 45°9; 45°5 45-2 + 1-2 
24 ial 15-0 89 56°8; 56:3; 54-4 27-4 + 2-0 
25 115 3-08 -93 38-9 58-0 
26 i 4:5 87 49:5 39-6 
27 a 5-5 64 57:3 24-6 
28 87 47-0 98 65-3; 64:6; 64-7 62+1-1 


* From melting point and crystalline form. 


The results indicate that there is no interconversion at 61° and 
that at the higher temperatures the reaction follows fairly closely a 
reversible unimolecular course. The figures for the velocity 
coefficient calculated from the equation (p. 2580) are in Table IV. 


TABLE IV. 


Initial concentration, af-K salt 0-114 g./c.c. (except in Expts. 18 and 22); 
equilibrium concentration of By-K salt (£) 0:1006 g./c.c.; 2 = change in 
concentration of a8-K salt; ¢ in hours. 


Time. % By-Acid. x. é— 2a. (ky + ). 
87° 5-5 9-6 0-0109 0-0897 0-021 
17-25 21-3 0-0243 0:0763 0-016 
21-0 20-4 0-0232 0-0773 0-012 
47-0 50-3 0-0574 0-0433 0-018 
Mean 0-017 + 0-004 
100° 2-0 19-7 0-0225 0-0781 0-126 
3-92 22-5 0-0256 0-0750 0-088 
6-0 39-5 0-0450 0-0556 0-099 
6-0 34-9 0-0398 0-0608 0-083 
8-0 41-9 0-0477 0-0528 0-080 
8-75 50-5 0-0576 0-0430 0-103 
10-0 54-8 0-0625 * 60-0381 0-097 
15-0 72-6 0-0847 0-0159 0-126 
Mean 0-100 + 0-013 
115° 3-08 42-0 0-0479 0-0527 0-209 
4-50 60-4 0-0689 0-0318 0-256 
5-50 75+4 0-0860 0-0146 0-350 


Mean 0-272 + 0-061 
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The reaction velocity is approximately doubled for a 10° rise 
above 100°, and the low value at 87° is to be expected from the 
zero reaction at 61°. From the figures found for the reaction at 
100°, the degree of mobility of the series is 10-0 +- 1-3. An inspec. 
tion of the above figures and others previously obtained indicates 
that for rapid determinations of the degree of mobility of a series 
it is best to carry out three or four estimations of the amount of 
interconversion over periods ranging from } to } the time required 
for complete equilibration. On this basis the mobility in the 
present series would be 9-3 + 0:8. 

III. Effect of Concentration on Mobility —The velocity of the 
reaction diminishes with dilution and is particularly sensitive to 
decrease in alkali concentration. The mathematical relationship 
between these factors has not been obtained, but several points of 
interest arise from the results given below. 


TABLE V. 
Initial material, aB-acid; temperature, 100°. 
Product. 
Cone. (see Time = 
Expt. Table I). (hrs.). % Yield. % Addition of iodine. % af-Acid. 
29 D 21-0 90 21-8; 21-1; 220; 19-4 844+41-1 
30 D 47°5 94 20-2; 18-4 86-7 + 1-2 
31 Cc 21-0 54 48:1; 48-7; 45:9; 45-6 43-8 + 2:3 
32 E 6-0 94 10-8; 11-8 95-3 +. 0-4 
33 E 17-0 97 13-3; 11-9; 15-5 93-1 + 1-1 
34 E 24-0 89 18-2; 15-6; 16-0 89-8 + 1-2 
35 E 41-5 97 20-9; 20-1; 20-9 84-9 + 0-5 


Experiments 29 and 30 show that the «af-acid is essentially 
unchanged by 5% alkali just below its boiling point even over long 
periods of time. In experiment 31, the concentration of potassium 
salt is very high (five times that under the standard conditions), 
and the catalyst concentration is about half its standard value. As 
a result the reaction velocity decreases considerably, there being 
only 56% change instead of complete equilibration in 21 hours. 
In the last four experiments (Series E) the concentration of the 
potassium salt is approximately standard, while that of the catalyst 
is much lower. The velocity coefficients compare as follows : 


Cone. of K salt. Conc. of KOH. Mean (k, + &,). 
Standard (Series A) ...... 0-114 0-321 0-100 


PRN EG. seceabscbvecwoesscoes 0-128 0-041 0-0048 
The effect of catalyst concentration is clearly marked. General 
theoretical considerations indicate that the catalytic agent is the 
hydroxyl ion and are supported by the fact that sodium hydroxide 
does not affect the equilibrium attained in potash solution. An 
obvious analogy exists between this effect and that of the hydrogen 
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jon in hydrolyses, when the velocity of reaction is proportional to 
the concentration of the catalyst. 


The Hydrolysis of Esters of Mobile Acids. 


The results obtained are of value in that they indicate theconditions 
under which the ester of a comparatively unstable, unsaturated acid 
‘can be hydrolysed with alkali without movement of the double bond. 
The alcohol liberated from the ester does not affect the equilibrium 
(Experiment 9) and the following results show that, if anything, 
it has a slight retarding influence on the velocity of interconversion. 


Concentrations, (A) ; solvent, 70% water + 30% ethyl alcohol ; 
temperature, 100°. 
Product. 


Time (hrs.). % Yield. % Addition of iodine. % aB-Acid. 
6 96 37:8; 36-4 61-1 + 1-2 
25 94 ~ 68:5; 59:3; 57-9; 58-5 21-8 + 0-9 


It may therefore be predicted that in this series hydrolysis of 
either ester with cold aqueous or alcoholic alkali of any strength 
will yield the corresponding acid in a state of purity. Hydrolysis 
with boiling solutions of 10% alkali for periods of 8 hours or so 
will yield substantially pure products. The latter conditions 
should prove more convenient than those used at present, which 
involve 50% alkali and often lead to considerable fission. 


The author wishes to thank Professor J. F. Thorpe, C.B.E., 
F.R.S., and Dr. G. A. R. Kon for their kind interest in this work, 
and the Royal Society for a grant which has largely defrayed its 
cost. 
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CCCXLITI.—The Chemistry of the Three-carbon System. 
Part XV. Pulegone and isoPulegone. 


By WitFrrReD Eynon Huau, Georce ARMAND RoBeErt Kon, and 
REGINALD Patrick LINSTEAD. 


THE experiments described in Part X of this series (J., 1926, 3101 
made it clear that pulegone (I) and isopulegone (II) were related in 
the same way as the ketones studied by Kon and Linstead (J., 1925, 
127, 815), and that they exhibited what was described as retarded 
mobility; thus they are quite distinct, but the formation from 
pulegone of isopulegoneoxime in the presence of alkali (Wallach, 
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Annalen, 1909, 365, 240), and of methylisopulegone by the action 
of sodium and methyl iodide, on the one hand, and the conversion 
of isopulegone into pulegone by baryta (Tiemann and Schmidt, 
Ber., 1897, 30, 22), on the other, point to the establishment of an 
equilibrium. 


«x CO-CH rae tuecOO Cl 
CMes!O< on cH. CHMe CH,:CMe CH<6q,.cH,> CHMe 


(I.) (IL) 


Owing to their accessibility, these ketones form a convenient 
material for the study of tautomerism, but whilst pulegone is well 
known and readily characterised, the data on isopulegone (especially 
on its physical properties) are scanty and, in part, conflicting. As 
a preliminary step, therefore, it appeared necessary to establish 
definitely the properties of pure isopulegone and to evolve a method 
of estimating it in mixtures with pulegone. 

Probably the simplest method of obtaining isopulegone consists 
in the preparation of its oxime from pulegone (Wallach, Joc. cit.), 
but all our attempts to hydrolyse this oxime led to mixtures con- 
taining a high proportion of pulegone and some methylcyclohex- 
anone. 

The ketone is, however, readily obtained by the oxidation of 
isopulegol (Tiemann and Schmidt, Ber., 1896, 29, 917), although 
special precautions are necessary to obtain a pure product (see 
Experimental). The ketone consists of a mixture of the active 
and the inactive compound, but in our experiments the latter was 
only obtained in very small quantities. The optical activity of the 
active ketone is higher than that previously found. 

The method of Harries and Roeder (Ber., 1899, 32, 3357) is 
untrustworthy and gives rise to mixtures from which a pure ketone 
is isolated only with great difficulty; this is dextrorotatory and 
identical with that obtained from isopulegol, as might have been 
anticipated from the work of Wallach (loc. cit.). The levorotation 
of the crude ketone is due to the presence of other compounds. 
The levorotatory ketone prepared by Grignard (Compt. rend., 
1926, 182, 422) by this method cannot have been isopulegone owing 
to its totally different physical properties (d}* 0-9097, ny 1-46335) ; 
on one occasion we obtained a ketone of very similar properties 
which consisted mainly of menthone, evidently formed by the 
reduction of pulegone hydrobromide. 

No isopulegone could be found in the three samples of oil of 
pennyroyal examined. Fractions with properties agreeing with 
those recorded by Grignard have in every case been isolated, but 
these consisted mainly of menthone which had already been found 
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in the oil by Tétry (Bull. Soc. chim., 1902, 27, 186), a fact which 
had apparently escaped Grignard’s notice. This ketone occurs in 
a strongly dextrorotatory fraction of the oil, but is, curiously enough, 
inactive when isolated by means of its semicarbazone. The physical 
properties of Grignard’s natural isopulegone, although almost 
identical with those of the ketone he prepared by Harries and Roeder’s 
method, differ considerably from those of pure isopulegone; and 
it appears certain that his material consisted, like ours, of a mixture 
of pulegone and menthone. It is unfortunate that this material 
was used by Kon and Nutland (Part X, loc. cit.) before its true 
nature was realised, although the poor yield of methylisopulegone 
obtained from “‘ natural isopulegone ’’ was noted at the time. The 
formation of the methylation product was evidently due to the 
pulegone still left in the mixture; the methylation has since been 
repeated with a genuine sample of isopulegone and found to give 
the same levorotatory preduct. 

The proportion of pulegone and isopulegone in mixtures of the 
two ketones can be roughly estimated from the physical properties 
of the mixture (see Experimental), but a more accurate method 
has been worked out, based on the different rates of reaction with 
iodine chloride and similar to that employed by Linstead and May 
(this vol., p. 2565). This method incidentally provided a ready means 
of differentiating between isopulegone and mixtures like “ natural 
isopulegone ”’ containing saturated compounds, and supplied the 
final proof that isopulegone did not occur in the oils examined. 

The equilibrium between pulegone and isopulegone was studied 
in the presence of a variety of reagents with reference both to the 
rate of equilibration and to the proportion of the constituents in the 
final product. The results show that the final equilibrium point 
is so close to pure pulegone that no difference between the latter 
and the equilibrium mixture can be detected even by the iodometric 
method employed. The system is evidently very mobile, because 
in the presence of small quantities of sodium ethoxide (1/50 mol.) 
the rate of equilibration is already too rapid for exact measurement. 
With baryta (1/50 mol.) the reaction is complete in 2 hours, but 
with sodium carbonate it requires several days; piperidine also 
produces a small change in 24 hours. Cold aqueous sulphuric acid 
produces little change, but hot acids have a marked effect; this 
could not be studied quantitatively. owing to the ready fission of 
both pulegone and isopulegone under these conditions, but it is 
apparent from the fact that, if comparatively large quantities of 
isopulegonesemicarbazone are hydrolysed by digestion with oxalic 
acid in a current of steam, the resulting ketone contains up to 50% 
of pulegone, whereas small quantities can be hydrolysed without 
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much conversion taking place. The most noteworthy points are 
the very rapid equilibration in the presence of sodium ethoxide, and 
the coincidence of the final equilibrium point with pure pulegone, 
within the limits of experimental error. From these results it is 
clear that Grignard’s figure for the equilibrium between the two 
ketones (loc. cit.) is erroneous; and the great sensitiveness of 
isopulegone makes its occurrence in essential oils extremely 
improbable. 
EXPERIMENTAL, 

Preparation of isoPulegone.—Commercial isopulegol («j} — 1-22°), 
obtained from Messrs. Boake, Roberts & Co., of Stratford, was 
oxidised exactly as described by Tiemann and Schmidt (loc. cit.), 
and the resulting oil treated with semicarbazide acetate; the 
semicarbazone was purified by thorough grinding with light 
petroleum, followed by repeated grinding with cold ether; the 
ethereal extract gave on evaporation a solid (E), whilst a large 
proportion remained undissolved (R). 

The solid (E) was freed from adhering oil by means of light 
petroleum, and a portion was recrystallised from methyl alcohol. 
The various crops obtained were somewhat indefinite and melted at 
157—158°. They were combined and hydrolysed by means of 
oxalic acid; the ketone had b. p. 94—96°/13 mm., d}$* 0-92540, 
ni3* 1-47241, ap + 34-3° (c = 9-1408 in ethyl alcohol),* and evidently 
contained some pulegone. Another sample obtained in a similar 
way was treated with aluminium amalgam (Harries and Roeder, 
loc. cit.) before the final distillation; the greater portion had b. p. 
100—102°/20 mm., d?” 0-91759, n° 1-46519, [R,]p 45-85, 
ay + 38:0° (c = 6-6708 in methyl alcohol). The optical activity 
of the ketone so obtained depends on the number of times the 
semicarbazone is extracted with ether, the first extract containing 
the most active material, which is, however, more liable to be 
impure. Subsequent extracts usually give a semicarbazone which, 
after several crystallisations from methyl alcohol, forms long, silky 
needles, m. p. 175—176°. 

The residue (R) on crystallisation from methyl alcohol separated 
in silky needles, m. p. 176—177°, although a small amount repre- 
senting the least soluble portion formed transparent prisms, m. p. 
180°, doubtless belonging to the inactive ketone (compare Wallach, 
loc. cit.); mixtures of the two melted at about 178°. The ketone 
regenerated from the pure material, m. p. 176—177°, and treated 
with aluminium amalgam had b. p. 105—106°/23 mm., d?* 
0-91731, n* 1-46589, «ap + 23-8° (c = 6-6676 in methyl alcohol), 
and gave an oxime, m. p. 134° after one crystallisation from methyl 
* All the rotations recorded in this paper were measured in a 2-dem, tube. 
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alcohol. Another sample similarly obtained from the less soluble 
portions of (E) had d?* 0-91994, np 1-46689, ap + 26-6°. When a 
large quantity of semicarbazone (e.g., 100 g.) was hydrolysed all at 
once, the product contained as much as 60% of pulegone (d#* 
0-93161, mp 1-47917) ; the aluminium-amalgam process of purification 
is not altogether satisfactory in this case because an appreciable 
quantity of pulegone is reduced to menthone; but the amount of 
menthone formed is negligible if the crude isopulegone contains but 
small quantities of pulegone. For this reason it is necessary to 
hydrolyse isopulegonesemicarbazone in small portions (about 20 g.). 
A separate experiment showed that isopulegone was unaffected 
by treatment with aluminium amalgam, the material having the 
same physical properties and iodine-absorption before and after 
treatment (see below). 

isoPulegone from Pulegone Hydrobromide.—The preparation was 
carried out as described by Harries and Roeder (loc. cit.). The 
results were extremely variable, pulegone being usually almost 
the sole product obtained. This is removed in the process of 
reduction, but the product then contains menthone; thus, on one 
occasion a ketone regenerated from the crude semicarbazone had 
b. p. 84°/9 mm., di” 0-90846, njj" 1-45833, ap — 11-6°, in good 
agreement with Grignard’s figures (loc. cit.); it was reconverted into 
a semicarbazone from which considerable quantities of menthone- 
semicarbazone were isolated. In most cases a semicarbazone is 
formed with great difficulty as already observed by Harries and 
Roeder (loc. cit.). Sometimes, however, almost pure isopulegone 
is formed; e.g., on one occasion a considerable amount of an 
optically inactive fraction, b. p. 104—105°/18 mm., was obtained ; 
the refractive index approximated to that of isopulegone, although 
the density was too high (this was always the case). The product 
was treated with aluminium amalgam and converted into the semi- 
carbazone. The ketone regenerated from it had b. p. 101— 
102°/17 mm., d?” 0-920855, np” 1-46669, [Rz]p 45-81, ap + 24-7° 
(c = 5-5532 in methyl alcohol), agreeing well with the properties of 
isopulegone prepared from isopulegol (d?* 0-92177, nf 1-46787). 
The latter are regarded as the physical constants of the pure 
ketone. 

When pulegone hydrobromide was allowed to stand for 4 days 
with a slight excess of piperidine. in light petroleum solution, the 
resulting ketone proved to be pulegone. 


Estimation of Pulegone and isoPulegone in Mixtures. 
The proportion of the two ketones in a mixture can be roughly 


estimated by means of the density or the refractive index, an 
4s2 
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examination of several synthetic mixtures having shown that these 
two properties could be satisfactorily expressed by a straight-line 
relationship. For the accurate analysis of mixtures, however, the 
iodometric method of Linstead and May (loc. cit.) has been adopted. 

Preliminary experiments were made to ascertain suitable condi- 
tions. An M/300-solution of each ketone in chloroform was allowed 
to stand with the theoretical quantity of iodine solution with the 
following result : 


Time (mins.). 2. 10. 20. 27. 
% Reaction with pulegone ...... 5-2 99 15:4 — (complete in 45 hrs.) 
™ as wsopulegone * 32-1 57:5 — 172-6 


* The sample of isopulegone used in the preliminary work was not quite 
pure. 


Fia. 1. 
Absorption of iodine by pulegone-isopulegone mixtures. 
70 
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A standard time of 10 minutes was therefore adopted. Mixtures 
of pure pulegone and isopulegone, made by mixing M/300-solutions 
in chloroform, were then titrated, with the following results (mean 
of 3 concordant determinations in each case) : 


Mixture (% pulegone) ...... 0 20 35 50 65 80 100 
% Addition ........ssceeeeeee 64:7 58:5 655-1 489 40-1 30-9 16-6 


From the above data the reference curve (Fig. 1) was constructed. 


Examination of Oil of Pennyroyal. 

Spanish Oil_—Two samples of this oil gave practically identical 
results, of which one is recorded: Light green oil, d?™ 0-9324, 
ae approx. + 22°. 1370 G. distilled under reduced pressure 
(fractionating column) gave : 


<92°/11—12 mm. 92—98°/11 mm. 98—105°/11 mm. Residue. Loss. 
194 g. 1110 g. 7g. 30g. 29g. 
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The low fraction was refractionated and another large fraction, 
b. p. 90—91°/10 mm., was obtained, which was increased by a third 
fractionation. This fraction had n, > 1-48 and was therefore 
added to the main pulegone fraction, which thus amounted to 
1270 g., or 93% of the original oil; it had d)! 0-93869, np 1-48820; 
titrations with iodine gave 12-9% addition (mean of 3), showing 
that no appreciable amount of isopulegone was present. The low 
fractions gave on refractionation at 10 mm.: 48—52°, 13 g.; 
58—62°, 4 g.; 84—90°, 10 g. The terpene fractions were pro- 
gressively refractionated under atmospheric pressure, but were 
not definitely separated; a portion, b. p. 168—174°, had dit” 
0-85569, nif” 1-46768, a) — 23° in alcohol; its odour suggested 
limonene. These were not further investigated. The fraction 
84—90°/10 mm. still contained pulegone and terpenes. 

750 C.c. of the pulegone fraction were treated with sodium 
hydrogen sulphite and alcohol until no further precipitation occurred, 
and the solid was filtered off and washed with alcohol and ether. 
The oil recovered from the mother-liquor and washings still con- 
tained pulegone and was therefore again treated with bisulphite. 
The portion which had failed to combine was isolated and distilled, 
but was found to contain pulegone; it was finally reduced by means 
of aluminium amalgam in ether, and fractionated at 10 mm. : 


Fraction. Weight. ait’. np. 
(1) <83° 3-8 g. — — 
(2) 83—83 7-9 g. 0-89522 1-45763 
(3) 84—87 5-7 g. 0-90822 1-46250 
(4) 87—90 6-5 g. 0-91728 1-46669 
(5) High 21g — 1-47014 


The two lowest fractions were combined and redistilled under 
ordinary pressure, a part boiling below 200°, and the rest about 
207°. The same semicarbazone was obtained from each in moderate 
yield and melted at 181—182° after washing with petroleum, 
| extraction with ether, and crystallisation from methyl alcohol; 
this was identified as menthonesemicarbazone (Found: C, 62-5; 
H, 10-1. Calc.: C, 62-6; H, 9:9%). The fraction (4), which 
corresponds with Grignard’s isopulegone fraction, had «p + 43-16° 
(¢ = 5-22.in alcohol), and on treatment with semicarbazide gave a 
sparingly soluble semicarbazone (fine needles from methyl alcohol, 
m. p. 184—185°) together with a portion which dissolved in ether, 
from which it was obtained on evaporation as a brown syrup. 
The ketone regenerated from this by means of oxalic acid was again 
treated with semicarbazide and gave a product consisting mainly 
of menthonesemicarbazone. The presence of isopulegone in 
fraction (4) could not be demonstrated, although its behaviour 
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towards iodine suggested the presence of some unsaturated material, 
corresponding with an isopulegone content of 25%. This un- 
saturated material, however, appeared to be non-ketonic and 
accumulated in the light-petroleum washings from the menthone- 
semicarbazone, from which it could be obtained on evaporation; 
it appeared to be a mixture of menthol and terpenes and was highly 
unsaturated (iodine number, Hiibl: 154-3). 

French Oil.—A sample of French oil was found to have properties 
closely agreeing with those of the Spanish oils: dj{?* 0-93671, 
my 1-48627. On distillation, some 1:5% of terpene fraction was 
isolated; 93% boiled at 98—103°/16 mm. and had d}?* 0-93525, 
My 1-48724; titrations with iodine gave a mean addition of 16%, 
showing that no appreciable quantity of isopulegone could be 
present. 

The whole of this fraction (839 g.) was treated with sodium 
hydrogen sulphite for a fortnight, and the oil which had failed to 
react was isolated and treated again until no further precipitation 
occurred. The resulting oil amounted to 59 g. and gave the following 
result on fractionation at 12 mm. : 

ap (in methyl 


Fraction. Weight (g.). qv, nn, alcohol). 
(1) Below 79° 11:3 0-87113 1-45323 +13° 
(2) 79—84 4-3 
(3) 84—88 14-9 0-89360 1-45893 +33-0 
(4) 88—92 9-2 0-90617 1-46201 
(5) 92—98 4-8 0-91166 1-46728 429-7 
(6) 98—105 4:5 0-91771 1-47309 
Residue 10-0 


Fraction (1) consisted of a mixture of terpenes, whilst fraction (2) 
contained some menthone; fraction (3) was almost pure menthone, 
which was also present in most of the other fractions. It was 
isolated in the form of its semicarbvazone, which, after being washed 
with petroleum, crystallised from alcohol in fine needles, m. p. 
184—185°, unaltered on admixture with a sample prepared from 
l-menthone. The regenerated ketone had b. p. 88°/12 mm., di?” 
0-89774, nj} 1-45233, [R,]p 46-35 (Calc., 46-20), but was inactive.* 
Owing to the small amounts of material available it was impossible 
to decide as to the nature of the menthone originally present, 
especially as a solid oxime was not obtained; the rotations of the 
menthone fractions were diminished somewhat by treatment with 
sodium ethoxide (compare Read and Robertson, J., 1926, 2209). 
The petroleum washings from the menthonesemicarbazone were 
evaporated and gave an oil with a strong mint-like odour; on 
distillation a fraction, b. p. 92—96°/15 mm., was obtained which 


* The hydrolysis of the semicarbazone was carried out with oxalic acid on 
two separate occasions; the product was inactive in each case. 
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was probably mainly menthol (Found: C, 76-9; H, 12-3. Cale. : 
C, 76-9; H, 12-8%), but still contained some unsaturated material ; 
it had ap + 27-2°, d?” 0-89151, np 1-45623. 

The small fraction (5), which would correspond with Grignard’s 
isopulegone, was specially investigated, but menthone was still 
the principal constituent, probably accompanied by some pulegone ; 
no trace of isopulegone could be isolated. The slightly high iodine- 
absorption of the original pulegone fraction is evidently due to the 
presence of terpenes, which were found to react rapidly with iodine. 
The terpene fraction obtained in the first fractionation of the oil 
was feebly levorotatory («) —13-5°), whilst the terpenes isolated 
from the main fraction were dextrorotatory and had a lower refrac- 
tive index. The small amounts obtained did not allow of 
investigation. 

Fia. 2. 


Change of isopulegone into pulegone in presence of barium hydroxide. 


% Pulegone 
_~ 
° 
Tt 
— 


0 40 80 120 160 200 
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Equilibrium between Pulegone and isoPulegone.—The following 
procedure was used throughout. The ketone (4 c.c.) was mixed 
with the catalyst, and the whole made up to 50 c.c. with ethyl 
alcohol. After standing for the requisite time, the mixture was 
diluted with water and thoroughly extracted with ether, the extract 
was washed, dried, and evaporated with the aid of a long column, 
and the residue was distilled under reduced pressure from a glycerol- 
bath, the first two drops of distillate being rejected; the remainder 
was collected (about 3-5 c.c.). The physical properties of the 
distillate were determined in all cases as an additional check. An 
M /300-solution of the distillate in pure chloroform was then made 
up and three titrations with iodine were carried out. The catalyst 
used and its concentration are specified at the head of the correspond- 
ing results in the table, and the results with barium hydroxide are 
illustrated in Fig. 2. 
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1. Sodium ethoxide (10 c.c. of M/10-solution). 


Tnitial Time % 
material. (mins.). Temp. d. Np. Addition, 
tsoPulegone* ... 30 19-0° 0-93448 1-48337 16-9 
28 oe 20 19-6 0:93440 1-48483 17-2 
Pulegone ......... 720 19-4 0-93599 1-48551 16-6 
2. Barium hydroxide (10 c.c. of 3% solution). 
isoPulegone ...... 10 21-4 0-92540 1-47408 55-2 
a eens 20 21-8 0-92828 1-47751 46-3 
ee 40 19-0 0-93100 1-48142 30-9 
a  iaeeed 55 18-0 0-93251 1-48337 21-0 
<—  temuee 120 19-5 0-93327 1-48483 17-5 
eal. Peliesaaas 200 19-6 0-93407 1-48531 17-0 
Pulegone ......... 1440 22-6 0-93508 1-48521 16-9 
3. Sodium carbonate (10 c.c. of M/10-solution). 
isoPulegone ...... 120 25-0 0-91994 1-47113 58-4 
ee 900 22-2 0-:92419 1-47359 50-4 
Pulegone ......... 1440 20-4 0-93506 1-48531 16-9 
4. Piperidine (10 c.c. of M/10-solution). 
isoPulegone ...... 1440 20-4 0-92358 1-47408 61-4 
Pulegone ......... 1440 21-6 0-93266 1-48483 16-6 
5. Sulphuric acid (10 c.c. of M/10-solution). 
isoPulegone fT ... 480 22-2 0-92086 1-46966 64-7 
“ae 1440 22:0 0-92092 1-46408 64-7 
Pulegone ......... 1440 22:0 0-93508 1-48521 16-6 


* In this case 25 c.c. of 12% sodium ethoxide solution were used. 
+ In this case 10 c.c. of 12-5% sulphuric acid solution were used. 


The composition of the mixtures can be readily ascertained from 
the reference curve in Fig. 1. 


The authors’ thanks are due to the Government Grant Committee 
of the Royal Society for a grant which has defrayed the cost of this 
investigation. 
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CCCXLIV.—The Chemistry of the Three-carbon System. 
Part XVI. The Effect of some Bridged and 
Unsaturated Rings on Tautomerism. 


By Witrrep Eynon Hues and GrorcE ARMAND Rosert Kon. 


In several previous papers of this series (J., 1926, 1792, 2727; 1923, 
123, 1361, 2440) it has been suggested that the tendency of the 
double bond to enter a cyclopentane or cyclohexane ring in a com- 


ee 
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pound such as (I) could be correlated with the internal strain in the 

ring. Particularly striking examples of this correlation were 

Cs < GH GH? >CCH-CO,H —> CH, < Gf (yf >C-CHy COH 
(I. ) (II.) 

found in ethyl cyclopentylidenemalonate and the cyclohexane com- 

pound, the former having the «$-, and the latter the By-unsaturated 

structure. 

In cyclohexane rings which occur in nature the strain is generally 
relieved either by a double bond (limonene, carvone, piperitone) or 
by a bridge (thujone, pinene). Such rings, if introduced in place 
of the simple cyclohexane ring in a compound such as (I), should 
exhibit less tendency to acquire a double bond and consequently the 
stability of the fy-form (II) of the new compounds should be 
diminished as compared with the acids (I) and (II). The same 
should be true of compounds in which the cyclopentane or cyclo- 
hexane ring already contains a double bond, but the issue here is 
complicated by the tendency to form a conjugated system with two 
double bonds in the ring; the ®y-form in these cases should be 
actually much more stable than in (I) and (II). 

In order to test these conclusions, we selected a number of pairs 
of unsaturated acids containing suitable bridged rings and derived 
from the corresponding ketones such as 8-thujone, pinocamphone, 
sabinaketone, nopinone, and fenchocamphorone, whilst a variety of 
acids derived from cyclohexenones had already been prepared by 
Wallach and were easily available. 

6-Thujone was readily converted into the «$-unsaturated acid 
(III), but all attempts to prepare the pure Sy-isomeride (IV) * were 
fruitless, the bridge being attacked to a greater or less extent by 


CHMe CMe CMe 
ma * seman Hc’ S¢-cH,-CO,H HC” \o-CH,-CO,H 


H, H i H 
‘a prs Ne ae 


(IIT.) = - (V.) 
the dehydrating agents employed. The high-melting solid acid so 
produced evidently contains two double bonds and probably has 
the structure (V). The «$-acid, on treatment with alkali, was partly 
converted into the liquid Sy-isomeride; the equilibrium, estimated 
by Bougault’s method, was 75:25 in favour of the Py-form, as 
compared with 88 : 12 for the acids (I) and (II) (the method em- 

* No attempt has been made to decide between this formula and one with 
the double bond in the position 2:3; the same applies to the compounds 
(V) and (VII). 
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ployed gives a minimum value for the «B-acid). The acid (IIT) can be 
converted into the corresponding ketone, which, unlike cyclo- 
hexenylacetone, has the «®-structure (VI); it is, however, readily 
methylated, the new ketone having the @y-structure (VII). The 


CHMe CMe CHMe 


“HOY No:cH-cOMe HO “o-CHMe-COMe HO 90 
H,C\ ACH, BL, H, H,Q\ 0:CMe, 
.* re Pr8 

(VI.) (VIT.) (VIIT.) 


methylated ketone shows an exaltation of the molecular refraction 
(0-43 unit), which is, however, less than that of the parent ketone 
(1-08 units). This is doubtless due to the “ conjugation ” of the 
double bond with the three-membered ring in the ®y-formula (VII) ; 
the low density of the ketone also supports thisformula. §-Thujone 
readily condenses with acetone, but the product is quite different 
from the ketone (VI), being a solid of the formula (VIII), having 
evidently been formed in the same way as the condensation product 
of acetone and cyclopentanone (Wallach, Annalen, 1912, 394, 376). 

These reactions suffice to show that the «8$-form is much more 
favoured in the compounds derived from thujone than in those 
derived from cyclohexanone. The reaction with acetone can be 
taken to indicate that the acidity of the ketone group in thujone is 
less than that of the ketone group in cyclohexanone, the relatively 
high acidity of which can in turn be correlated with a tendency to 
enolisation and thus to the production of a double bond in the ring. 

The effect of a bridge containing a carbon atom on the stability 
of compounds derived from pinocamphone could not be studied, 
because this ketone, like camphor, could not be condensed either 
with ethyl cyanoacetate or with ethyl bromoacetate, and we have 
not yet obtained a sufficient quantity of nopinone or fenchocam- 
phorone to serve as a starting point for further work. In the 
meantime, it appeared of interest to examine the acid (IX) and the 
ketone (X) derived from 3-methylcyclohexenone in which one 
double bond is already present in the ring. 

CMe:CH CMe:CH 
CHe<¢H, CHC CH2'COH CHe< 0H, CHC CH2'COMe 
(IX.) (X.) 

The ester of this acid does not undergo the Michael reaction 
(Dr. E. H. Farmer, private communication), so evidently it does 
not possess an «f-phase. It is now found that the acid itself is 
unaffected by prolonged boiling with alkali and shows no tendency 
whatever to pass into its «$-isomeride. All attempts to synthesise 
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the latter, and to prepare the ketone from the chloride of the acid, 
failed. 

This behaviour of the acid as a static By-form, whilst confirming 
our view on the probable effect of a double bond in the ring on the 
stability, is in contrast with that of the cyano-esters prepared by 
Farmer and Ross (J., 1926, 1570). The reason for the difference 
appears to be that there are two activating groups in the latter, 
both favouring the «$-form and competing with the double bond in 
the ring, a condition enabling tautomeric equilibrium to be estab- 
lished. In the acid now examined, the stability of one form (Sy) 
is so much greater than that of the other («8) that mobility is com- 
pletely suppressed. Ethyl «-cyanocyclohexylideneacetate exists 
apparently only in the «$-form, whereas Farmer’s cyano-esters can 
be isolated in three forms, of which one is the fy; the existence of 
this is evidently due to the additional stabilising effect of the double 
bond already present in the ring on the By-phase. 


EXPERIMENTAL. 


8-Thujolacetic Acid.—8-Thujone was isolated from oil of tansy 
(Semmler, Ber., 1892, 25, 3343) and had b. p. 81—82°/12 mm., 
dit” 0-91773, ni" 1-45143, [aif + 75-64°. The semicarbazone 
crystallised from alcohol in needles, m. p. 174°. The ketone did not 
condense with ethyl bromoacetate in the presence of magnesium, 
but the reaction proceeded well with zinc, ethyl thujolacetate, b. p. 
136—142°/10 mm., being obtained in 54% yield ; much of the ketone 
was recovered. The acid, m. p. 90—91°, was obtained from it on 
hydrolysis with sodium ethoxide (Wallach, Annalen, 1900, 344, 
166.). 

8-Thujylideneacetic Acid (III).—The hydroxy-acid was boiled 
with acetic anhydride for 3 hours and the product was diluted with 
water and distilled in steam for a long time; the wnsaturated acid, 
which separated from the distillate as a solid (yield, 64%), crystallised 
from light petroleum in needles, m. p. 103—104° (Found: C, 74-2; 
H, 9:2. C,.H,,0, requires C, 74:2; H, 9:3%). On oxidation with 
alkaline potassium permanganate in a current of steam the acid gave 
oxalic acid and 8-thujone (which was identified by its semicarbazone, 
m. p. 174°), the structure (III) assigned to the acid thus being con- 
firmed. The acid chloride, prepared with the aid of thionyl chloride, 
had b. p. 136—138°/14 mm.; the ethyl ester, prepared by pouring 
the chloride into ethyl alcohol, had b. p. 136—137°/10 mm., di?* 
0-95995, ni? 1-47800, [R,]p 65-61 (cale., 64-40).* The anilide 
crystallised from petroleum (b. p. 60—80°) in prisms, m. p. 118-5° 


* This and subsequent values take into account the exaltation due to the 
three-membered ring. , 
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(Found: C, 79-9; H, 85; N, 5-4. C,,H,,ON requires C, 80-3; 
H, 8-6; N, 5-2%). 

Dehydration of Ethyl Thujolacetate —The hydroxy-ester was heated 
with potassium hydrogen sulphate at 160° for 3 hours, and the 
resulting ester was isolated by means of steam and distilled. The 
fraction, b. p. 138—148°/14 mm., was hydrolysed with 30% aqueous 
potassium hydroxide and alcohol, and the acid formed was liberated 
and isolated by means of ether. This acid was a mixture of a solid 
(main product) and an oil. The solid acid (V) separated from 
benzene-petroleum in plates, m. p. 169° (Found: C, 74:2; H, 9-3. 
C,,H,,0, requires C, 74:2; H, 93%). The oily acid could not 
be purified and decomposed on distillation, and solid derivatives 
could not be obtained from it. The same mixture of acids was also 
produced when the hydroxy-ester was dehydrated with phosphorus 
oxychloride or pentoxide. 

The acid, m. p. 169°, could not be characterised by the formation 
of derivatives because the acid chloride, although evidently formed, 
decomposed violently on attempted distillation. The sodium salt 
is characteristic, being sparingly soluble in water and forming fine, 
silvery plates. The silver salt was prepared from it (Found: Ag, 
35-9. C,.H,,0,Ag requires Ag, 35-9%). 

Equilibration Experiments.—8-Thujylideneacetic acid in 1°94 g. 
lots was heated with 18 c.c. of 25% aqueous potassium hydroxide 
in sealed tubes at 100° for 24, 32,40 and 48 hours. The products were 
worked up under the standard conditions of Linstead and May 
(this vol., p. 2565) and the iodine values of the equilibrated acids 
and of the original «$-acid were then determined as described by 


them : 


Time (hrs.).  .....++++++ 0 24 32 40 48 
% Absorption ......... 8-4 33-9 52-0 49-6 56-8 


The last three values, although not very concordant, suffice to 
show that equilibration was complete after 32 hours. As the iodine 
value of the pure Sy-acid was not known, it was necessary to estimate 
the proportion of the two acids present in the equilibrium mixture 
by isolating the «8-acid by Bougault’s method (Ann. Chim. Phys., 
1908, 14, 145); this gives the minimum amount of «$-acid present. 
For this purpose, 10 g. of pure «$-acid were heated with potassium 
hydroxide for 45 hours; the semi-liquid product was isolated as 
before and treated with iodine under Linstead and May’s standard 
conditions. The excess of iodine was removed with sodium 
thiosulphate after 10 minutes and the unchanged «f-acid contained 
in the aqueous layer was liberated, extracted with ether, and re- 
covered from the extract by evaporation, 2-50 g. being obtained. 
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This represents a minimum of 25% of «f-acid in the equilibrium 
mixture. 

The acid (V) was similarly treated with both 25% and 50% 
potassium hydroxide solution, but in every case it was isolated com- 
pletely unchanged. The acid was treated with iodine before and 
after treatment with alkali, and the absorptions were identical 
within the limits of experimental error (96-1 and 96-3%). The high 
iodine value and the high melting point (169°) of the acid and its 
general similarity to dihydro-m-tolylacetic acid (see below) point te 
a formula with two double bonds in the ring. The true By-acid (IV) 
appears to be a liquid. 

8-Thujylideneacetone (VI).—The chloride of {-thujylideneacetic 
acid, on treatment with zinc methyl iodide (Blaise and Maire, 
Ann. Chim. Phys., 1908, 15, 556), gave a 30% yield of the ketone. 
The sparingly soluble semicarbazone crystallised from methyl alcohol 
in plates, m. p. 191° (Found : C, 67-2; H, 9-2; N, 17-1. C,,H,,ON, 
requires C, 67-5; H, 9-2; N, 16-9%). The ketone regenerated from 
it had b. p. 120°/10 mm., dii* 0-93111, nj 1-48464, [R,]p 59-15 
(calc., 58-07), its physical properties agreeing with the «8-structure 
(VI). The ketone was readily methylated with sodium and methyl 
iodide (Kon, J., 1926, 1792), a 30% yield of an oil, b. p. 122— 
124°/14 mm., being obtained. This was converted into the semi- 
carbazone, which crystallised from methyl alcohol in plates, m. p. 
194° (Found: C, 68-3; H, 9-6; N, 16-1. C,;H,,ON, requires 
C, 68-4; H, 9-6; N, 16-0%), and was less soluble than the semi- 
carbazone of the parent ketone; a mixture of the two melted at 
about 176°. The ketone (VII) regenerated from the semicarbazone 
had b. p. 122°/14 mm., dii* 0-91690, nj* 1:47339, [Rz]p 63-12 
(cale., 62°69). 

Condensation of 8-Thujone with Acetone.—Dry sodium methoxide, 
prepared from 12 g. of sodium by Komppa’s method (Annalen, 1909, 
368, 137), was cooled in ice, an ice-cold mixture of $-thujone and 
acetone (4 g.-mol. of each) added, and the whole kept in the ice- 
chest for 4 days. Water and dilute sulphuric acid were then added 
and the mixture was distilled in steam for a short time. From the 
residue in the flask a considerable quantity of solid, accompanied by 
an oil, separated on cooling. The solid consisted of 2-isopropylidene- 
8-thujone (VIII) and crystallised from methyl alcohol in needles, 
m. p. 785° (Found: C, 81-2; H, 10-2; M, cryoscopic in benzene, 
194-6, 186-3. C,3H,.O requires C, 81:3; H, 104%; M, 192). 
Further small quantities of the ketone could be isolated from the 
oily by-product in the form of its sparingly soluble semicarbazone, 
which crystallised from methyl alcohol in leaflets, m. p. 208° (Found : 
C, 67:3; H, 9:2; N, 17-0. C,,H,,ON, requires C, 67-5; H, 9-2; 
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N, 16-9%). The ketone, on oxidation with ozone, gave acetone and 
a substance (giving a purple colour with ferric chloride), which was 
not further investigated. 

Pinocamphone.—This ketone was obtained from oil of hyssop by 
fractionation under reduced pressure; the fraction, b. p. 84—86°/ 
11 mm., had dif" 0-95676, ni®*" 1-47522, [R,]p 44:74, and gave a 
semicarbazone, m. p. 228°. All attempts to condense the ketone 
with ethyl bromoacetate, ethyl malonate, ethyl acetoacetate, and 
ethyl cyanoacetate were fruitless. 

Dihydro-m-tolylacetic Acid (1X).—This acid was prepared from 
3-methylcyclohexenone as described by Wallach (Annalen, 1902, 
323, 138). The pure acid was treated with potassium hydroxide as 
described on p. 2598, but was recovered completely unchanged. 
Specimens of the acid before and after treatment with alkali were 
treated with iodine, but no difference in iodine absorption could be 
detected (95-6°% in both cases). 

Attempts to prepare the corresponding ketone (X) by the Blaise— 
Maire reaction failed because the chloride of the acid, like that of the 
acid (V), could not be distilled. The crude acid chloride did not give 
a satisfactory product. 

Attempts were also made to obtain the ketone by condensing 
3-methylcyclohexenone with acetone, but a pure substance could 
not be isolated from the complex mixture formed. 


The authors’ thanks are due to the Government Grant Committee 
of the Royal Society for a grant which has defrayed the cost of the 
investigation. 
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CCCXLV.—The Constitution of Colloidal Platinum. 


By Stuart W. PENNYCUICK. 


THE source of the charge on colloidal metal particles, as prepared 
by the Bredig sparking method, has been a debatable question for 
many years. The older ideas, that the electrical method was one 
purely of dispersion and that. the charge was frictional, have been 
shown to be insufficient and incorrect. At present two opposing 
views stand out. Both agree that the charge is ionic, and also 
that the method of preparation consists essentially in a mechanical 
dispersion to a vapour of perhaps atomic dimensions, with a subse- 
quent condensation to form the colloid particles. They differ, 
however, as to the source of charge. One holds that the charge is 
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due to the combination of the condensed particles with certain 
foreign ions present in the medium. The other claims that the 
mechanical dispersion is always accompanied by the oxidation of 
the metal, and that in the subsequent condensation the fine particles 
of metallic oxide combine or react with the water to form a complex 
kation (in the case of copper or silver), or a complex anion (in the 
case of gold) (see Wo. Pauli, Trans. Faraday Soc., 1921, 16, 14; 
Fuchs and Pauli, Koll.-Chem. Beih., 1925, 24, 195; Paine, ibid., 
1912, 4, 24; Rebiére, Compt. rend., 1912, 154, 1540; Beans and 
Eastlack, J. Amer. Chem. Soc., 1915, 37, 2667). 

The former explanation is the one more generally accepted, but 
it is shown in this paper that in the case of colloidal platinum, at 
least, although it may be difficult to fix the structure of the complex 
platinum anion, nevertheless the latter explanation appears to be 
the correct one. It will be shown that colloidal platinum solutions 
can be prepared of such strengths that their high conductivities 
cannot possibly be due to the impurities present, and further that 
all such solutions are definitely acid. 

The Preparation of the Platinum Sols.—It is well known that 
platinum sols can be prepared in the total absence of added stabilisers, 
and accordingly those used throughout this work were prepared by 
sparking pure platinum electrodes in conductivity water and in 
the absence of carbon dioxide. The conductivity-water still was 
after the design of Bourdillon (J., 1913, 103, 791), and the water 
used had a specific conductivity of 0-2—0-4 gemmho at 18°. The 
sparking apparatus was the same as that described by Pennycuick 
(Australian J. Exp. Biology, 1927, 4, 99). Briefly, it consisted of a 
short-necked 500 c.c. borosilicate flask, through the cork of which 
two platinum electrodes passed to a small ebonite frame above. 
One electrode was firmly fixed whilst the other had a small range of 
vertical freedom. This freedom was used to close the spark gap, 
and a spiral spring on the movable electrode threw the gap upen 
to any prearranged extent. The cork also carried an inlet and an 
outlet tube, so that during the preparation carbon dioxide-free air 
could be slowly bubbled through the sol. These tubes also served 
for the introduction of the conductivity water and for the removal 
of the prepared sol. All the connexions through the cork were 
air-tight, and the method of preparation therefore precluded the 
accidental introduction of any impurities. 

It was essential to make certain that the only foreign matter 
present was that which was initially in the conductivity water, and 
this was kept strictly in mind. The air used was in every case 
freed from carbon dioxide. The conductivity water under air 
pressure was siphoned into the sparking vessel until a sample 
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from the latter showed a specific conductivity of less than 0-4 
gemmho. About 450 c.c. of platinum sol were prepared at each 
operation, and during the sparking the sample was kept very close 
to 0° by the use of a freezing mixture. A direct current of about 
5—6 amps. was used at 220 volts, and the time of sparking (excluding 
stoppages) was approximately 18—20 minutes per 450 c.c. of water. 

The Conductivity Cell_—The conductivity cell was very similar in 
design to that used by Beans and Eastlack (loc. cit.). It was of 
borosilicate glass and had a total capacity of 120 c.c. The cell 
constant was 0-0107. The cell mouth was fairly wide (38 mm. 
diameter) and ground, and was closed with an ebonite stopper 
surrounded with an air-tight rubber band. The 
stopper carried 5 tubes (see Fig. 1)—the two 
electrode tubes D and E, an inlet and an outlet 
tube for air-stirring, A and B, and a spare tube 
for the introduction of any solution. All tubes 
were firmly fixed, and when in use the cell was 
air-tight. (I am indebted to Mr. J. 8S. Walker, 
B.Sc., for this cell, which proved very satisfac- 
tory.) All conductivities were measured in an 
electrically controlled thermostat at 25°. 

The Specific Conductivity of the Platinum Sols.— 
Particular care was taken to keep the platinum 
sols pure. After preparation they were siphoned 
under air pressure, into thoroughly cleaned boro- 
silicate flasks, always in the absence of carbon 
dioxide. They were kept for several days in 
order to allow the layer particles to precipitate, 
and the overlying sol was then siphoned into 
stock flasks and kept at the required temperature 
until wanted, the necessary quantity then being 
siphoned into the conductivity cell. The many samples examined 
are believed to be quite free from contaminations, including 
atmospheric carbon dioxide. 

The first interesting point noticed was that the sols which had 
been prepared and stored at 0°, when put in the bath and allowed 
to come to 25°, showed a steady increase in conductivity over 
several days. Examples of such changes (at 25° and at 30°) are 
set out in Table I A. 


Fie. 1. 


TaBLE I A. 


Time interval (hrs.) 0 4 2 4 8 16 24 36 & 
« (gemmbhos) (at 25°) 5:65 6:10 6-58 7:05 7:97 9-23 9-91 10-42 14:3 
« (gemmbhos) (at 30°) 5-68 6-96 8-20 9-02 10-00 11-17 11-69 12-01 14-6 
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An attempt. was made to determine whether these changes 
followed any known velocity law, and, if possible, to obtain the 
temperature coefficient of the action; but although all solutions 
showed the same general changes, different samples of the same 
solution gave curves which did not correspond. (This is yet another 
example of the difficulty of reproducing exactly the same conditions 
in two samples of a colloidal solution.) All that could be concluded 
was that the change was always very rapid initially and then 
progressively slowed down. 

The figures in Table I A, and in fact all similar figures, indicated 
that the specific conductivities of the platinum sols were approaching 
some limiting equilibrium value. Accordingly the solutions were 
boiled for 3 minutes and the conductivities redetermined, and it 
was thus found that equilibria were practically reached at 14-3 and 
14-6 gemmhos in the above cases. It was observed that these 
values with the boiled solutions were not set up at once, but that the 
conductivities again changed with time. With these sols, however, 
the conductivities decreased, but the change was far less than 
before. Further investigation of the boiled and stable sols then 
revealed that, after any temperature changes, there was a lag in the 
equilibrium as indicated by conductivity measurements; a hot 
sample cooled to 25° always showed a steady fall in conductivity, 
whilst a cold sample warmed to 25° showed a corresponding rise, 
such changes being measurable over several days. These con- 
clusions have an important bearing on the later work in this paper. 
The abnormally large lag shown by the unboiled solutions which 
had been made and kept at 0° (see Table I A) seems to indicate 
that these solutions have never reached their equilibrium; and this 
is supported by the fact that the unboiled platinum sols kept and 
measured at 0°, did not reach a maximum conductivity value even 
after 2 months. 

Beans and Eastlack (loc. cit.), starting with conductivity water of 
0-8 gemmho, prepared platinum sols of x = 3:5—4-3 gemmhos. 
Further, they showed that the specific conductivity due to the 
charged platinum particles, calculated from their number, their 
charge, and their mobility, was of the order 0-0001 gemmho, and 
therefore negligible. They concluded that the ‘ mechanical 
dispersion of the metal was followed by the formation of a colloidal 
complex between the dispersed: metal and certain ions present in 
the medium.” The present work goes considerably further, for, 
by starting with conductivity water of a maximum conductivity 
of 0-4 gemmho, and taking special precautions to exclude con- 
taminations, platinum sols were readily prepared with specific 
conductivities which rose to 14-6 gemmhos. Further, as there was 
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no reason to believe that this was a limiting value, stronger sols 
were prepared by prolonged sparking which gave specific conduc- 
tivities (after boiling) as high as 16-8 gemmhos. Higher values 
could probably have been obtained but prolonged sparking caused 
abnormal platinum wastage. Higher values were actually obtained 
by the prolonged boiling of a platinum sol, and also of course by 
evaporation; e.g., an unboiled sample of « = 6-21 was boiled in a 
Pyrex flask in contact with carbon dioxide-free air; after 5 minutes’ 
boiling it rose to 12-76 and after 25 minutes to 21-46 (all readings 
being taken at 25°). Conductivity water, when treated in the same 
flask in the same way, showed a change of x from 0-4 to 0-89 gemmho. 
Similar platinum sols, when boiled in a large platinum dish for 2 
minutes and for 15 minutes, showed x = 15-35 and 41-2, respect- 
ively; evaporation probably accounted for the latter high value. 
The highest conductivity obtained for a platinum sol by boiling 
in a platinum dish was 66-1 gemmhos. It was found that these 
high values very slowly decreased when the sol was kept at 25° for 
several days, but the fact that such values are actually obtained 
is very interesting. Itis quite impossible, in view of the experimental 
precautions, to imagine that these conductivities can be due to the 
impurities present. The alternative, and the only reasonable 
explanation, seems to be that an electrolyte is formed during the 
sparking process. 

Now it is well known that colloidal platinum particles carry a 
negative charge; and as a working hypothesis, the author suggests, 
in conformity with the theory of Pauli (see Pauli and Perlak, Joc. cit.), 
that during the disintegration process some of the platinum is 
oxidised, and that during the subsequent condensation some 
platinum particles and some oxidised platinum particles coalesce ; 
the oxidised platinum, however, in contact with water acts as an 
electrolyte (probably H,PtO,), with the result that the growing 
platinum particles form a complex anion, or ionic micelle of structure 
[Pt,(PtO,),]", which is in equilibrium with an equivalent amount 
of hydrogen ions. The high conductivities obtainable indicate that 
at least a small proportion of the hydrogen ions are “ free,” 7.e., 
that some of the complex is wholly ionised; whilst the lag in the 
equilibrium which is always shown when the sol suffers a temper- 
ature change, indicates that some of the hydrogen ions are held at 
the surface or in a surface double layer, and that rearrangements 
are slow and probably complex. These slow rearrangements are 
probably related to the slow equilibria changes in colloid systems 
observed by Du Noiiy (‘‘ Surface Equilibria of Organic and Biological 
Colloids,” 1926, p. 155). f 
- It now remains to be shown that the complex anions and the 
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corresponding hydrogen ions are actually present. With regard 
to the former, all that can be said at present is that it has been 
abundantly proved that the platinum particles in the absence of 
foreign electrolytes are negatively charged, but the exact constitution 
of the micelle is so far unknown. With regard to the hydrogen 
ions, however, definite evidence will now be produced which clearly 
indicates the existence in the pure platinum sol of “ free ” hydrogen 
ions and also of slowly removable hydrogen ions, the latter being 
probably on the micelle surface or in the double layer. 

The Titration of Platinum Sols—Having obtained platinum sols 
of remarkably high specific conductivities, and believing that the 
charged platinum anions contributed only a negligible fraction 
thereof, it was considered that any real existence of hydrogen ions 
would be revealed by the titration of the sol with a base. For this 
purpose, the cell already described was utilised; 60 c.c. of the 
platinum sol were carefully introduced into the cell, and put into 
the bath at 25° until equilibrium was attained, or until the con- 
ductivity showed a negligibly small change over a period of 1 hour. 
A 3 c.c. burette, containing the titrating base and with a soda-lime 
tube on the upper end, was introduced into the opening C. A piece 
of rubber tubing on the lower end of the burette ensured an air- 
tight connexion; air was bubbled through a wash-bottle in the 
bath, containing a corresponding sample of the sol, and then through 
A into the cell for the purpose of efficient stirring and mixing. 
The exit tube B was connected to a water trap. Titrations were 
carried out initially with sodium or potassium hydroxide. These 
bases were prepared with conductivity water, diluted to exactly 
0-001N, and stored in waxed bottles. They were introduced into 
the pipette without coming in contact with the air. 

Now, if practically the whole of the conductivity of the platinum 
sol be due to the hydrogen ions, then from the known mobility 
of the hydrogen ion at 25° one may calculate at once its concentra- 
tion. Writing the equivalent conductivity as equal to the sum of 
the ionic conductivities, we have 


A, = Ag+ + Apt complex =~ > 
and neglecting the last term, 

A, = Ay+ = 349-5, 
whence xv = 349-5, where « is the specific conductivity, and v is 
the volume in c.c. containing 1 g.-equiv. of hydrogenions. We have 
then v = 349-5/x, and therefore 1000/v, or the normality in the 


usual units, is given by «/0-3495 = «x in gemmhos/349,500. (The 
ionic mobilities in this paper are calculated from those at 18° 
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by the use of the corresponding temperature coefficients; see 
H. S. Taylor, ‘‘ A Treatise on Physical Chemistry,” 1924, p. 540.) 

Every platinum sol titrated showed with all bases used a minimum 
in the titration curve, indicating very clearly the presence of an 
acid or of titratable hydrogen ions—acids and salts showed no such 
minima. Further, with sodium and potassium hydroxides, all the 
platinum sols of various strengths showed a very good agreement 
between the hydrogen-ion concentration as calculated above from 
direct conductivity and that obtained from the minimum on the 
titration curve. Several normal cases are set out in Table IB. 
The differences in the minima shown by the two hydroxides are 
negligible. 


TABLE I B. 
1. 2. 3. 4. 5. 6. 7d. 
« (gemmhos) ........sesceeeeee 6-57 7:00 12-76 15-03 15-35 21-46 41-2 
(A) Normality of H+ (cal- 
culated from x) x 10°... 19 20 36 43 44 61 120 
(B) Normality of H+ (by 
titration) x 10*. ......... 17 16 37 44 45 65 140 


The normality marked (A) is calculated from « (gemmbhos) /349,500 ; 
that marked (B) is the normality of the solution with regard to 
total alkali hydroxide at the minimum on the titration curve. The 
figures in cols. 1 and 2 are for two unboiled samples. As such samples 
are not in equilibrium they were titrated fairly rapidly and the 
titration minima are approximate only. The figures in cols. 3, 4, 
and 5 are for samples which were brought to equilibrium by boiling 
for 2—5 minutes. Cols. 6 and 7 relate to samples boiled in Pyrex 
for 25 minutes, and in an open platinum dish for 15 minutes, 
respectively. They titrate fairly well. 

From the agreement between the figures in Table I B, three 
conclusions may be drawn : (a) Colloidal platinum sols are definitely 
acid; (b) practically the whole of their conductivities can be 
attributed to the hydrogen ions present (the complex anion having 
negligible mobility); and (c) platinum sols behave as strong acids, 
for only strong acids show the correct conductivity minima when 
titrated with alkali hydroxides (see Eastman, J. Amer. Chem. Soc., 
1925, 47, 332). A more detailed consideration, however, indicates 
that whilst the first of these conclusions is undoubtedly correct, 
the second and third cannot both be true. Table II shows the 
figures obtained on titrating platinum sols with each alkali, and 
also those obtained by titrating hydrochloric acid with potassium 
hydroxide. The latter figures allow a comparison to be made 
between the platinum sol and a strong acid, and they serve also to 
show that certain irregularities in the platinum sol titration curves 
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are not inherently due to the abnormally small concentrations 
with which we are here dealing (g. v.). 


TaBLeE II. 
Titration of platinum sols. Titration of 
0-04446N-HCI. 
With KOH. With NaOH. With KOH. 
Normality x 10’. «. Normality x 107. x. Normality x107. x. 
-- 15-14 ~~ 15-03 ~- 18-65 
123 12-05 79 12-55 62 16-90 
228 9-62 164 10-38 151 14-44 
307 8-10 276 7°73 236 12-12 
400 7-14 415 6°04 340 9-34 
476 7-18 536 6-46 420 7-54 
566 7-80 625 7°24 463 7-35 
669 8-67 741 8-84 504 7-88 
783 10-17 826 10-14 583 9-43 
895 12-05 937 12-03 828 14-92 
1004 13-82 1045 13-80 963 17-86 


The normality refers to-that of the solution in respect to total sodium or 
potassium ions present, and is the quotient Total base added/Total volume of 
solution. 


The corresponding curves are shown in Fig. 2. The KOH-—Pt sol 
curve is omitted, because it is of exactly the same form as the 
NaOH-Pt sol curve; in fact, the differences between the two curves 
agree remarkably well with the calculated differences between the 
mobilities of the potassium and sodium ions. This is also the 
case with the corresponding hydrochloric acid—strong base curves. 
Accordingly only the two curves shown in Fig. 2 need be discussed. 

The initial specific conductivity of the platinum sol was 15-03 
gemmhos, which, on the assumption that the hydrogen ion is 
practically the sole contributor to the conductivity, represents a 
hydrogen-ion concentration of 43 x 10-*. The minimum on the 
curve appears to lie between 42 x 10°° and 44 x 10°*. At this 
minimum, the corresponding specific conductivity of the solution 
is 6 gemmhos; but if the platinum sol is behaving as a strong acid, 
then the minimum point on the curve will indicate that the whole 
of the hydrogen ions have been replaced by sodium ions, and the 
specific conductivity of 43 x 10-® equivs. of sodium ion is only 
2:27 gemmhos. The broken-line curve, ABCD on the figure, is 
that. calculated from the mobilities of hydrogen, sodium, and 
hydroxyl ions on the foregoing assumptions. Although the curves 
are similar in shape and situation, the divergence is pronounced. 
In order to see whether titrations at such low concentrations were 
trustworthy, hydrochloric acid of approximately the same normality 
(viz.,44-6 x 10-*) was titrated with various bases, and the HCI-NaOH 
curve also appears in Fig. 2. Other and weaker hydrochloric acid 
solutions were similarly titrated, and in every case the theoretical 
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and experimental end-points showed remarkably good agreement. 
In the curve illustrated, the end point corresponds to a concentration 
45 x 10-6, and the broken-line curve is the corresponding theoretical 
curve calculated from mobilities. The close approximation of 
the turning points in these two curves (Found: « = 7:18. Calc.: 
x = 6-81) shows that such titrations are quite trustworthy; and 
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the divergence of the two curves after the turning point is doubtless 
due to the mutual repression of ionisation of the sodium chloride 
and hydroxide present. 

Returning then to the platinum sol titration curve, the difference 
between the specific conductivities at the experimental minimum 
(6 gemmhos) and at the theoretical minimum (2-27 gemmhos) needs 
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explanation. It appears either that some of the conductivity of the 
sol is contributed by other than the hydrogen ions, or that the 
colloidal platinum does not function as a strong acid. If either of 
these suggestions be true, then the agreement between the con- 
centrations set out in Table I B would appear to be largely fortuitous 
This may actually be the case, for although a wide range of platinum 
sols was taken, the titrating bases were chemically similar. Accord- 
ingly, the titrations were repeated with calcium and barium 
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hydroxides, both prepared with the usual precautions and diluted 
with conductivity water to 0-001N. The two curves differed only 
slightly, and the difference could be directly ascribed to the difference 
in the mobilities of the barium and the calcium ions. Accordingly, 
Table III and Fig. 3 contain the details for only one of these bases. 
As a titration curve for a weak acid is also necessary for comparison, 
Table III and Fig. 3 contain the details of the titration of acetic 
acid of comparable conductivity (0-000141NV) with sodium and 


calcium hydroxides. 
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TaBLeE III. 
Titration of Pt sol Titration of 0-000141N-acetic acid 
with Ba(OH),. with NaOH. with Ba(OH),. 
Normality Normality Normality 

x 10°. K. x 108, K. x 108. Ke 
—- 15-40 — 16-56 “= 16-48 
11-9 12-71 9-8 15-44 11-2 15°88 
23-7 10-28 20-4 14°31 21-4 15-32 
38:1 7-98 33-0 13-28 32°9 14-74 
55-7 6-69 47°3 12-44 46-8 14°11 
68-0 6-59 58-1 12-03 75°3 13-25 
79-4 6-69 65-6 11-85 89-4 12-93 
90-9 6-95 77-1 11-73 115-6 12-59 
118 8-30 87-7 11-74 128-6 12-49 
130 9-44 99°3 11-89 141-5 12-48 
143 11-43 111-8 12-23 153-4 12-50 
155 13°58 127-2 13-00 176°3 12-64 
167 15-80 145-4 15-19 198-3 12-97 
189 20-72 157-2 17-28 229-0 13-90 
242-9 14-50 
257-7 15-29 


Now strong acids, such as hydrochloric acid, when titrated at this 
high dilution with sodium and barium hydroxides, show the same 
correct turning points and strictly comparable curves. The differ- 
ences again are entirely due to the differences in the mobilities of 
the sodium and barium ions, and accordingly the HCl-Ba(OH), 
figures are not quoted. On the other hand, weak acids such as 
acetic, when titrated with these two alkalis, show quite different 
curves, and give no indication of the true end point. It is of interest, 
however, that at these high dilutions these curves show remarkably 
good agreement with the theoretical titration results deduced by 
Eastman (loc. cit.). With the platinum sols, whilst the curves of 
sodium and potassium hydroxides are comparable, and those of 
barium and calcium hydroxides are also comparable, Table IIT and 
Fig. 3 show that the sodium and barium hydroxide curves differ 
radically, the minima appearing at 44 x 10-°N and 68 x 10-°N, 
respectively. It is therefore evident that platinum sols are not 
strictly comparable with strong acids. On the other hand, they 
seem to be far stronger acids than acetic; in fact, their behaviour 
indicates that they approximate more closely to strong than to weak 
acids. The author believes that they are really unique, and that 
they cannot strictly be compared either with strong or with weak 
acids. This belief is based, not only upon the above facts, but 
also upon certain peculiarities which were noticed in every platinum 
sol titration: all conductivity readings showed a steady drift if 
followed over some considerable time; the drift was very slow and 
if time were allowed for each to come to equilibrium, every titration 
would have spread itself over many days. (An attempt is now being 
made to follow the complete equilibrium titrations.) Some pre- 
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liminary investigations showed that these drifts were so slow that 
if the titrations were carried out fairly rapidly their effects could be 
neglected. Accordingly all titrations were performed within a total 
time limit of 80 minutes. 

Discussion. 

The explanation of the various phenomena outlined above appears 
to be as follows. The pure platinum sol contains a certain amount 
of relatively free or “diffused ’’ hydrogen ions which contribute 
the greater part of the conductivity; further, each platinum anion 
has a surface layer (or double layer) of non-diffused hydrogen ions. 
Any temperature change causes a disturbance in the equilibrium 
between the diffused and the surface hydrogen ions, and all such 
rearrangements are not instantaneous but measurably slow. This 
explains the temperature lag invariably obtained with pure platinum 
sols (see p. 2602). Boiling not only disturbs the equilibrium, but as 
the conductivity never reverts to its previous value, it would appear 
that boiling breaks up the complex anion, or at least sets free from 
it further hydrogen ions, which were probably held in the interior. 

On the addition of a small quantity of a base, e.g., sodium 
hydroxide, we have a particularly favourable and simple colloid 
system to deal with, for the solution contains only sodium, hydrogen, 
and colloid complex ions, and no foreign anions at all. The added 
base immediately neutralises some of the free hydrogen ions, and 
as this disturbs the hydrogen-ion equilibrium, some of the surface 
ions diffuse into the solution. In other words, the platinum sol 
behaves as a weak acid, but with the difference that, whereas weak 
acid ionic equilibria are instantaneous, these are measurably slow. 
There is, however, a second and even more important difference. 
It is well known that coagulated colloids always carry down with. 
them ions of the opposite charge (see, e.g., Whitney and Ober, J. 
Amer. Chem. Soc., 1901, 23, 842; Gann, Koll.-Chem. Beth., 1916, 
8,127; Freundlich, Z. physikal. Chem., 1910, 73, 385). 

It must be concluded, therefore, that in the case under discussion 
some of the sodium ions go to the surface, and that a definite sodium- 
ion equilibrium is reached. Platinum sols thus differ from weak 
acids in that their ‘“‘ salts ’’ are not wholly ionised. The rate of 
this ionic rearrangement would probably differ for different kations, 
but in any case the results indicate that it is not instantaneous. 
If these equilibria were all infinitely slow, then the platinum sols 
would titrate as strong acids. The curves show that these rearrange- 
ments are actually taking place during the time limit of the experi- 
ment. All the readings before (and for a short distance after) the 
neutral point were drifting towards a greater conductivity, due to 
the greater mobility of the hydrogen ions leaving the surface com- 
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pared with the sodium ions joining the surface. Towards the latter 
part of the titration the drift was in the opposite direction owing 
to the latter effect predominating, the sodium-ion concentration 
in the solution being now abnormally high. 

The difference in the titration end points obtained with univalent 
and with bivalent bases is due, not only to the difference in the 
various equilibrium ratios (or equilibrium constants) for the different 
kations, but also to the different rates at which these equilibria are 
set up. The fact that the univalent bases give the same acid 
(titration) values as those obtained on the assumption that the 
hydrogen ion contributes practically the whole of the conductivity 
of the pure sol, may be due to a similarity in the univalent equilibrium 
ratios and equilibrium rates. On the other hand, it is not beyond 
question that the true acid concentration is really less than that 
obtained by these methods. An attempt has been made to settle 
this matter by a determination of the py of the pure sol with the 
quinhydrone electrode. Steady values are obtained and these are 
always lower than those read off from the titration curves, but it 
has not yet been determined whether quinhydrone acts normally 
in the presence of colloidal platinum. Work in this direction is 
proceeding. Colorimetric tests are out of the question; and the 
hydrogen electrode itself gives varying and untrustworthy values 
in these unbuffered solutions. 

The slow equilibria between diffused or free ions and ions at the 
surface seem to be of fundamental importance in the coagulation 
of colloids. For instance, it is well known that if the bare minimum 
of electrolyte necessary to produce coagulation is added to a colloidal 
solution, the coagulation is invariably slow and may extend over 
several hours and even days. This is evidently due to the slowness 
of the equilibria under discussion. Further, according to Gann 
(Koll.-Chem. Beth., 1916, 8, 65), Steiner (Z. physikal. Chem., 1910, 
73, 507), and Galecki (Z. anorg. Chem., 1912, 74, 174), the rate of 
these slow coagulations is best expressed by an empirical auto- 
catalytic equation. No satisfactory explanation has so far been 
advanced for this, but the following qualitative suggestion may 
ultimately be of value. Before coagulation can occur a certain 
quantity of the coagulating ion has to move to the surface. This 
rearrangement being slow, a definite time interval will elapse over 
which practically no coagulation occurs. As the colloid particles 
vary in size, in shape, and in total charge, then, as the necessary 
equilibria are approached, the particles which are more favourably 
constituted will reach their coagulation condition first, followed 
more and more rapidly by the other colloid particles, the tota 
effect thus appearing to be autocatalytic. 


THE*CONFIGURATION OF THE AMMONIUM ION. PART I. 2613 


Summary. 


Colloidal platinum prepared in water of specific conductivity 
0-4 gemmho, and rigorously kept free from contamination, can be 
made to yield a specific conductivity of 41-2 gemmhos at 25°. 

It is suggested that oxidation accompanies the sparking process 
and that a colloidal complex acid is formed. 

Pure platinum sols have been titrated with various bases, and the 
titration curves are discussed. Whilst the platinum sols titrate 
more like strong acids than weak acids, they cannot strictly be 
compared with either. 

There appears to be a slow equilibrium between the diffused 
hydrogen ions and the hydrogen ions held at the surface of the 
complex platinum anion. 

A similar equilibrium exists for any other added kation. 

The consequences of the slow velocities of these equilibria are 
discussed. Z 


THE UNIVERSITY OF ADELAIDE, 
SoutH AUSTRALIA. [Received, August 29th, 1927.] 


CCCXLVI.—The Configuration of the Ammonium Ion. 
Part Ii. Geometrically Isomeric Quaternary 
Ammonium Salts derived from 4-Phenyl- and 
4-H ydroxy-piperidine. 


By Witi1AmM Hosson Mitts, Jonn Davies Parkin, and 
WiLuiaM JosEePH VICTOR WaRD. 


Wir the view of obtaining experimental evidence with regard to 
the distribution of the valencies of the nitrogen atom * in the quater- 


* With regard to the stereochemistry of tervalent nitrogen I would take this 
opportunity to point out that the optical activity of the pyridylhydrazone of 
cyclohexylene dithiocarbonate, which Mills and Schindler (J., 1923, 128, 312) 
regarded as evidence of the non-planar distribution of the valencies of the 
doubly linked tervalent nitrogen atom, is capable of a different interpretation. 
At the time that the work was carried out we were of opinion that the dithio- 
carbonate was necessarily derived from the cis-form of the dithioglycol and 
our conclusions were based on this assumption. In view, however, of the 
remarkable investigations of Hiickel and his co-workers (Annalen, 1925, 441, 
1; 1926, 451, 109, 132; 1927, 458, 163), from which it appears that trans- 
forms of the dicyclic compounds decalin, f-hydrindanone, and decahydro- 
quinoline are not only capable of existence, but may even be more stable than 
the corresponding cis-forms, this view can no longer be upheld and I am now 
of opinion that the optically active hydrazone is probably to be regarded as 
@ derivative of the trans-dithioglycol, and if this is the case the pyridyl- 
hydrazone is molecularly dissymmetric however the valencies of the doubly- 
linked nitrogen atom are disposed.—W. H. M. ‘ 

Zz 
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nary ammonium ion Mills and Warren (J., 1925, 127, 2507) prepared 
and examined some of the salts of 4-phenyl-4’-carbethoxybis- 
piperidinium-1 : 1’-spiran. They showed that these salts could be 
obtained in optically active forms and pointed out that the pyramidal 
configuration for the ammonium ion (which might perhaps be re- 
garded as a priori the more probable on the older view that the 
electric charge on the ion was stereochemically equivalent to the 
directly linked acid radical in the non-ionised salt) was thereby 
excluded and gave reasons for concluding that the ion consequently 
had the tetrahedral configuration (as was more probable on the 
electronic theory of molecular structure). 

In the present communication an account is given of another and 
independent method of investigating the same question. Since in 
the ammonium ion the nitrogen atom and the four attached radicals 
do not lie in the same plane, it was to be anticipated that geometrical 
isomerism should occur among the quaternary salts of the 4-sub- 
stituted piperidine bases. Such isomerism we have found does, in 
fact, exist and its investigation provides a means of obtaining a 
decision between the pyramidal and the tetrahedral configuration 
of the ammonium ion. For if the ammonium ion has the pyramidal 
configuration, then, as will be evident from Fig. 1,* every 4-sub- 
stituted quaternary piperidinium salt, ROH< GH GH? >NR'R'S, 

2 
should be capable of existence in two geometrically isomeric forms 


even although the two radicals R’ and R”’ attached to the nitrogen 
atom might be identical. Each isomeride would be a racemic com- 
pound when these radicals were different, and a simple substance 
when they were identical, but in spite of this, if the isomerism could 
be detected in the one case it should also be demonstrable in the 
other. If, on the other hand, the ammonium ion has the tetrahedral 
configuration (Fig. 2) it is evident that geometrical isomerism could 
only occur when the radicals R’ and R” were different and would 
disappear if they became identical. 

We have examined salts of five quaternary bases derived from 
4-substituted piperidines, three with different radicals R’ R’”’ 
(type I), and two with identical radicals R’R’ (type II) attached 
to the nitrogen atom. 


* The rings in this and the following diagrams are represented plane for 
simplicity. There is an evident difficulty in representing piperidinium salts 
according to the Bischoff theory of the pyramidal configuration of ammonium 
salts, for it involves the replacement in cyclohexane of a methylene group with 
a valency angle of 110° or more by an ammonium residue with a valency angle 
of less than 90°. 
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The difference between the two types proved to be clearly marked. 
The salts of type I, formed from a tertiary base, 
RcH< CH CHS Nr’ 
CH,*CH, 
and an alkyl halide, R’’X, all showed themselves, when subjected to 
fractional crystallisation, to be mixtures of pairs of isomerides. On 
the other hand, the salts of type II, prepared in a corresponding 
manner, proved to be homogeneous. 
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The salts investigated were prepared from 4-phenylpiperidine 
and from 4-hydroxypiperidine. From the former compound were 
obtained the iodides and perchlorates of phenylmethylethylpiperi- 
dinium (I) and phenylbenzylethylpiperidinium and also phenyl- 
diethylpiperidinium iodide and phenyldipropylpiperidinium iodide. 
From the latter compound the methobromides of 4-hydroxypiperi- 
dylacetic acid and of its ethyl ester (II) were prepared, as well as 


Ph Me], [HO _/\x Me , 
() | a< >N<ke x | } H< >N<GH,.co.nt | X (iT) 


voMe —- my 


H>\_/N<cH,-C0, 


the corresponding betaine (III). Each of these salts in which two 
different radicals were attached to the nitrogen atom (salts of type I) 
was found to exist in two isomeric forms, as is shown in the following 


table : 
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Salts of type I. 
M. p. of M. p. of 


Salt. a-isomeride. f-isomeride, 
4-Phenyl-1-methy]-1-ethylpiperidinium iodide... 180° 140° 
4-Phenyl-1-methyl-1-ethylpiperidinium per- 

RIES 5odicrevSucusacsdvccsonsncosseasuesdeseawseesess 135 159 
4-Phenyl-1-benzyl-1-ethylpiperidinium iodide ... 240 210—215 
4-Pheny]-1-benzyl-1-ethylpiperidinium per- 

GINO sccccccacecesbcosevecteusesasvasneesteedoevesees 208 189 
Ethyl 4-hydroxy-1-piperidylacetate metho- 

MEE. saucccicccecdesesisseesuseteesaniiuarrcumocks 221 206 
Ethyl 4-hydroxy-1-piperidylacetate picrate ...... 152—153 126 
4-Hydroxy-1-piperidylacetic acid methobromide 170—172 210 


4-Hydroxy-1-piperidylacetic acid methylbetaine 271—272 266—267 


The salts of type II were found to consist of one form only. They 
had a sharp melting point and systematic fractional crystallisation 
gave no indication of the existence of a second modification. 


Salts of type II. 


M. p. 
4-Phenyl-1 : 1-diethylpiperidinium iodide ............ses00- 177° 
4-Phenyl-1 : 1-dipropylpiperidinium iodide _..... denecseoes 190 


In view of the evident possibility of the existence of geometrical 
isomerism in these salts and the absence, as far as can be seen, of 
any other cause to which the isomerism could be due, it appears safe 
to conclude that the isomerism exhibited by the salts of type I 
actually is a geometrical isomerism of the type sought for dependent 
on the non-planar distribution of the valencies of the ammonium 
nitrogen atom. This clear-cut difference between the salts of the 
two types therefore demonstrates that the quaternary ammonium 
ion has not a pyramidal configuration. It shows that the two 
radicals R’ and R’”’ attached to the nitrogen atom are unequally 
distant from the group R attached to the 4-carbon atom. The 
quaternary ammonium ion therefore cannot have the pyramidal 
configuration, and the valencies of the nitrogen atom in this ion must 
accordingly be tetrahedrally disposed. 

The isomerism exhibited by the salts of type I thus corresponds 
closely with the cis-trans isomerism which occurs among the substi- 
tution derivatives of cyclohexane, the relationship between the two 
forms of, for example, phenylmethylethylpiperidinium being repre- 
sented by tridimensional formule such as those in Fig. 2 (R = Ph, 
R’ = Me, R” = Et). 

Although it was easy to show by fractional crystallisation that 
the salts of type I, as produced by the combination of tertiary base 
and alkyl halide, were not homogeneous, the isolation of both 
stereoisomerides in a state of purity from the mixtures of the two of 
which the crude salts consisted was not easily effected. Fractional 
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crystallisation brought about more or less readily the separation 
and isolation of the excess of the less soluble («-) isomeride, but 
special methods were required to extract the pure $-isomeride from 
the mixture left in the mother-liquors. 

The separation was most easily effected in the case of the phenyl- 
benzylethylpiperidinium iodides. By allowing solutions of the 
mixed isomerides of appropriate concentration to crystallise under 
“aseptic ’’ conditions, usually the «-form only separated, the $ -form 
remaining in supersaturated solution. On then decanting the super- 
saturated solution and scratching, the pratically pure $-isomeride 
crystallised. 

In the other cases the more soluble $-iodide could only be isolated 
through the replacement of the iodine by another acid radical which 
gave a less soluble salt with the 8- than with the «-base. This 8-salt 
could then be isolated in a state of purity and converted into pure 
8-iodide. 7 

Thus in the case of «- and $-phenylmethylethylpiperidinium the 
solubilities of the perchlorates are in the inverse order of those of 
the iodides. The pure 8-perchlorate could accordingly be isolated 
from the mixed perchlorates and gave on treatment with potassium 
iodide the pure 8-iodide. 

Similarly with the 4-hydroxypiperidinium salts; by fractional 
crystallisation of the mixed ethyl hydroxypiperidylacetate metho- 
bromides only the less soluble «-salt could be isolated. The more 
soluble of the two ester methobromides corresponds, however, with 
the less soluble of the two methylbetaines and the pure $-methyl- 
betaine could therefore be obtained and from it the other salts of 
the §-series. 

The stereoisomeric salts have considerable stability ; no tendency 
to intertransformation was observed at the ordinary temperature. 
For example, when «-phenylmethylethylpiperidinium perchlorate 
was converted into iodide and then reconverted into perchlorate, 
pure «-perchlorate of melting point 159° was obtained. Trans- 
formation from one series to the other could, however, be brought 
about by heating. The change could be most easily observed with 
the phenylbenzylethylpiperidinium iodides. The more soluble 
8-iodide melts at 210—215°. If kept slightly above 215°, the molten 
salt resolidifies and the resolidified material is the «-isomeride, for 
it shows the melting point of that modification (240°, decomp.) and 
on conversion into perchlorate yields the pure «-perchlorate. 

The relative quantities of the stereoisomeric salts produced in 
these additions of alkyl halides to 4-substituted tertiary piperidine 
bases were examined with the aid of melting point-composition 
curves in two of the cases investigated, namely, the addition of benzyl 
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chloride to phenylethylpiperidine and of ethyl bromoacetate to 
hydroxymethylpiperidine. In each case the quantities of the two 
isomerides formed were approximately in the ratio of 2to 3. There 
is thus no great disproportion in the relative amounts of the two 
isomerides produced. 

The isomerism of the quaternary ammonium salts here described 
is closely allied to the isomerism observed by Scholtz among the 
quaternary salts derived from coniine (Ber., 1904, 37, 3627; 1905, 
38, 595). Scholtz found that when an alkyl halide R’X combined 
with a l-alkyl derivative of d-coniine, CH, fat ae ae, to 

2 2 

form a quaternary salt the product was a mixture of two isomerides. 
Since the salts thus formed necessarily contained two asymmetric 
atoms, namely, the asymmetric carbon atom already present in the 
coniine and a newly formed asymmetric nitrogen atom, the isomerides 
were evidently the diastereoisomeric compounds (dC-dN), (dC-IN) 
and such isomerism should occur whatever the configuration of the 
quaternary ammonium nitrogen. The observations of Mills and 
Warren (loc. cit.) together with those described in the present com- 
munication show, however, that Scholtz’s isomeric salts were cis- 
trans isomerides of the type indicated in Fig. 3. 


EXPERIMENTAL. 
A. Derivatives of Phenylpiperidine. 

1-Alkyl Derivatives of 4-Phenylpiperidine.—4-Phenylpiperidine 
is shaken at the ordinary temperature with the alkyl iodide (1 mol.) 
and 10°% aqueous sodium hydroxide (1-1 mols.). When the inter- 
action is complete, the tertiary base (and unchanged phenylpiper- 
idine) are extracted with ether. To remove the phenylpiperidine, 
the mixture is shaken with benzoyl chloride and alkali for 5—10 
minutes at 50—60°. The tertiary base, and the benzoylpheny]l- 
piperidine thus formed, are taken up in ether and the former is 
extracted with dilute sulphuric acid from the ethereal solution. 
It is then isolated in the usual way, being finally purified through the 
crystallisation of an appropriate salt. 

4-Phenyl-1-methylpiperidine was prepared from methyl iodide 
and phenylpiperidine by the above described method, but as the 
reaction is vigorous ether was used as a diluent. The base can also 
be prepared, as has been found by one of us and Mr. F. N. Kerr, by 
heating phenylpiperidine hydrochloride with formalin. It was 
purified by crystallisation of its perchlorate from ether—alcohol. 
The perchlorate forms felted needles, m. p. 106—107°, readily soluble 
in alcohol but sparingly in water and melting under water at about 
25°. The pure base is a colourless liquid, m. p. 9°, b. p. 122—123°/ 
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11 mm. (Found: C, 82:2; H, 9-8; N, 8-0. ©C,,H,,N requires 
C, 82:2; H, 9-8; N, 80%). The hydrochloride (platelets from ether- 
alcohol) melts at 196—198° (Found: Cl, 16-6. C,,H,,N,HCl 
requires Cl, 16-75%). The picrate melts at 244° (decomp.). 

.4-Phenyl-1-ethylpiperidine. The reaction between ethyl iodide, 
phenylpiperidine, and aqueous alkali proceeds slowly in the cold, 
8—10 hours’ shaking being required. The tertiary base was purified 
by crystallising the perchlorate (m. p. 112°) from alcohol. It is a 
liquid, m. p. 11°, b. p. 137°/11 mm. (Found: C, 82-3; H, 10-1; 
N, 7-7. C,H, N requires C, 82-5; H, 10-1; N,7-4%). The hydro- 
chloride has m. p. 203—205° (Found: Cl, 15-6. C,H, N,HCl 
requires Cl, 15-7%). 

4-Phenyl-1-n-propylpiperidine was prepared by shaking n-propyl 
iodide, phenylpiperidine, and aqueous alkali together for 20 hours at 
room temperature, the final purification being effected through the 
perchlorate (m. p. 160—162-5°), which was recrystallised from ether— 
alcohol. The base is liquid at the ordinary temperature (m. p. 13°, 
b. p. 150°/11 mm.) (Found: C, 82-1; H, 10-5; N, 7-1. C,,H,,N 
requires C, 82:7; H, 10-4; N, 69%). The hydrochloride, m. p. 250° 
(decomp.), is not very soluble in cold water (Found: Cl, 14-7. 
C,,H,;N,HCl requires Cl, 14-8%). 

a-4-Phenyl-1-methyl-1-ethylpiperidinium JIodide-——The «-modifi- 
cation of this salt is most easily isolated from the mixture formed 
by the combination of ethyl iodide with 4-phenyl-1-methylpiperidine, 
the combination being brought about by boiling the base with the 
alkyl iodide for 2 hours. 

The product, after being dissolved in alcohol and precipitated with 
ether, melted at 152—154°. By fractional crystallisation from 
ether—-alcohol of the mixture of the two iodides it could be resolved 
into a less soluble fraction, m. p. 170°, and a more soluble fraction, 
m. p. 148°. Since the iodides were only slowly separated by the 
fractionation, they were converted into perchlorates by dissolving 
them in water (10 g. in 500 c.c.) at 40—50° and adding an exactly 
equivalent quantity of silver perchlorate in aqueous solution, a little 
perchloric acid being also added to promote the coagulation of the 
silver iodide. 

The less soluble iodide fraction gave a perchlorate which, recrystal- 
lised from alcohol, yielded the pure «-perchlorate in felted needles of 
constant melting point 135°. On conversion of this perchlorate into 
iodide by dissolving it in a concentrated aqueous solution of potas- 
sium iodide, extracting the salt with chloroform, and precipitating 
it from the dried chloroform solution with ether, the pure «-iodide 
was obtained as colourless plates, m. p. 180—181° (Found : C, 50-7; 
H, 6-8; I, 38-0. C,,H,.NI requires C, 50-75; H, 6-7; I, 38-3%). 
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It melts under water, in which it is not very soluble, dissolves readily 
in alcohol, and is exceedingly soluble in chloroform. 

8-4-Phenyl-1-methyl-1-ethylpiperidinium iodide. This modifi- 
cation is most easily isolated from the mixture of the two forms of the 
quaternary iodide which is produced by the addition of methyl 
iodide to phenylethylpiperidine. After completion of the combin- 
ation, which proceeded with evolution of heat, the resulting crystal. 
line cake was dissolved in a little alcohol and reprecipitated by the 
addition of 2—3 volumes of ether. The mixture of iodides thus 
obtained, m. p. 146—147-5°, was converted into perchlorate by 
treating it with silver perchlorate as described above. The salt 
which crystallised directly from the aqueous solution consisted almost 
entirely of the 8-form and readily gave the pure @-perchlorate on 
crystallisation from alcohol. The §-perchlorate crystallises in 
plates, m. p. 159°, and is sparingly soluble in cold alcohol and very 
sparingly in cold water. On conversion into iodide the pure 
8-iodide was obtained. This salt crystallises in plates which liquefy 
in contact with cold water. Itis dimorphous, the two forms melting 
at 140° and 146°. It always crystallises from solution in the form 
melting at 140°, but usually resolidifies in the form melting at 146° 
(Found : C, 50:75; H, 6-55; I, 38-3. C,,H,.NI requires C, 50-75; 
H, 6-7; I, 38-3%). 

The aqueous solution from which the 8-perchlorate had crystal- 
lised was evaporated almost to dryness at 30—40° under diminished 
pressure. By fractional crystallisation from alcohol of the salt 
thus obtained, a further small quantity of pure 8-perchlorate could 
be separated, but the bulk consisted of a mixture melting at 115° 
and crystallising unchanged from alcohol or water. This mixture, 
on conversion into iodide, gave a product, melting at 150°, from 
which, by crystallisation from ether—alcohol, an iodide of m. p. 170° 
was obtained and this on conversion into perchlorate gave the pure 
a-perchlorate identical in melting point and mixed melting point 
(135°) with the «-perchlorate obtained as described in the preceding 
section. 

a- and {-4-Phenyl-1-benzyl-1-ethylpiperidinium iodides. Equi- 
valent quantities of 4-phenyl-1-ethylpiperidine and benzyl chloride 
were heated at 100° for 2—3 hours. The product was dissolved in 
water, small quantities of unchanged material were removed by 
extraction with ether, and the mixed quaternary perchlorates, which 
are almost insoluble in water, were precipitated by adding a con- 
centrated solution of sodium perchlorate. 

From the mixture, m. p. 182°, the very sparingly soluble «-salt 
was obtained by extraction with alcohol. The mixed salt (20 g.) 
was boiled with alcohol (200 c.c.), and the solution filtered hot. 
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The mixture of maximum solubility, m. p. 172°, was deposited on 
cooling and the mother-liquor was used again to extract the un- 
dissolved salt ; the process was repeated until the crystals deposited 
showed a melting point distinctly above 172°. The residue, which 
melted above 200°, was then nearly pure «-perchlorate and was 
recrystallised from a large volume of alcohol until it melted con- 
stantly at 208°, the melting point of the pure salt. 

The £-perchlorate was obtained from the mixture of maximum 
solubility by a method based on its tendency to form supersaturated 
solutions. Alcohol was stirred with the mixture at 35—40° until 
practically saturated. The resulting solution was “ sterilised ” by 
heating to the boiling point and after being seeded with a few 
crystals of the carefully purified «-form was allowed to remain over- 
night, the neck of the flask being plugged with cotton wool. The 
«-modification then usually crystallised alone in slender needles and 
the decanted solution deposited the $-modification on scratching. 
Recrystallised from alcohol, it melted at 189°. 

Mixtures of the two perchlorates have the following melting 
points : 

Me B-F OTM ..0000000000 0 20 35 50 63 75 85 100 
EPA euarsguibtesvrsspes 208° 195° 184° 172° 170° 176° 182° 189° 

To convert the perchlorates into iodides, the salt (2 g.) was boiled 
with absolute alcohol (200 c.c.) and finely powdered potassium iodide 
(10 g.), and the solution filtered after 1 hour. The iodide deposited 
on cooling the filtrate and adding an equal volume of ether was 
recrystallised from aqueous alcohol containing 30—40% of water. 
In this manner from the «- and 8-perchlorates the pure a- and 
8-iodides were obtained. 

a-4-Phenyl-1-benzyl-1-ethylpiperidinium iodide crystallises in 
iridescent plates, m. p. 240° (decomp.) (Found: C, 58-9; H, 6-6; 
I, 31:2. C,,H,,NI requires C, 58-9; H, 6-4; I, 31-2%), and 
B-4-phenyl-1-benzyl-l-ethylpiperidinium iodide in needles, m. p. 
210—215° (Found : C, 58-8; H, 6-6; I, 31:2%). 

The molten 8-iodide resolidifies when kept above its melting point 
and melts again at 240°, the melting point of the a-iodide. It was 
shown that the resolidified material was in fact the «-iodide by 
dissolving it in water and precipitating the pure «-perchlorate with 
sodium perchlorate. 

4-Phenyl-1 : 1-diethylpiperidinium iodide. Phenylethylpiperidine 
was boiled with an excess of ethyl iodide for 2 hours. The resulting 
crystalline cake was fractionally crystallised from alcohol and ether- 
alcohol, but no separation could be detected, all the fractions melting 
at 177°, with the exception of the last, which melted at 176°, evidently 


on account of the presence of a trace of accidental impurity (Found : 
472 
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C, 52-2; H, 7-0; I, 36-9. C,;H,,NI requires C, 52-2; H, 7-0; 
I, 36-9%) 

4-Phenyl-1 : 1-di-n-propylpiperidinium iodide. Phenyl-n-propyl- 
piperidine was boiled under reflux for several hours with excess of 
n-propyl iodide. The resulting quaternary salt, fractionally crystal- 
lised from alcohol and alcohol-ether, showed no sign of resolution 
into isomeric modifications but melted constantly at 190° (Found : 
C, 54:7; H, 7-4; I, 34-2. C,,H,,NI requires C, 54:7; H, 7:5; 
I, 340%). 

We are indebted to Mr. D. Webb, of Emmanuel College, for 
assistance with the preparation and analysis of this and the fore- 
going compound. 


B. Derivatives of Hydroxymethylpiperidine. 

4-Hydroxy-1-methylpiperidine.—1-Methyl-4-pyridone (22:5 g.) 
(Lieben and Haitinger, Monatsh., 1885, 6, 300) was dissolved in 
boiling absolute alcohol (225 c.c.), and sliced sodium (75 g.) added 
as rapidly as possible. When the action had abated, absolute 
alcohol (750 c.c.) was added in portions of 50 c.c. After the sodium 
had dissolved, water was added and the mixture was distilled with 
steam until 1 litre of distillate had been collected. The product 
was then driven over with superheated steam. The aqueous dis- 
tillate (2 1.), acidified with hydrochloric acid and evaporated, left a 
brownish residue which, crystallised from absolute alcohol, gave 
4-hydroxy-1-methylpiperidine hydrochloride (20 g.) as colourless 
prisms, m. p. 157—158°; these were hygroscopic, very soluble in 
water, easily soluble in hot, and sparingly soluble in cold alcohol 
(Found : Cl, 23-5. C,H,,ON,HCl requires Cl, 23-4%). By decom- 
posing this hydrochloride with alkali the free base (Emmert, D.R.-P. 
292871) was obtained as an oil, b. p. 105°/18 mm., which we found to 
crystallise on keeping (m. p. 28°). The hydrobromide formed colour- 
less needles, m. p. 139—140°, from alcohol (Found: Br, 40-9. 
C,H,,ON,HBr requires Br, 40-8%). 

Ethyl «-4-Hydroxy-1-piperidylacetate Methobromide.—4-Hydroxy- 
l-methylpiperidine (12-2 g.) and ethyl bromoacetate (23-7 g.) dis- 
solved in benzene (180 g.) reacted at room temperature with the 
formation of quaternary bromide, the mixture setting to a crystalline 
mass which was collected after 20—24 hours. The product was a 
mixture of the «- and 8-bromides, m. p. about 204°, and the yield was 
practically quantitative (Found: Br, 28-2. C,)H,,O;NBr requires 
Br, 283%). 

The «-modification of the salt was obtained by boiling out the 
product from the above quantities with absolute alcohol (90 c.c.), 
filtering the hot solution, and boiling the residue successively with 


THE CONFIGURATION OF THE AMMONIUM ION. PART XO. 2623 


50 c.c. and 40 c.c. of alcohol. The residue left (6-9 g., m. p. 220°), 
crystallised from rectified spirit, had m. p. 221° (decomp.), which 
could not be raised by Turther treatment. 

Ethyl «-4-hydroxy-1-piperidylacetate methobromide forms colour- 
less prisms very soluble in water and sparingly soluble in alcohol 
(Found: C, 42-7; H, 7-1; Br, 28-3. C,)H,,O,NBr requires C, 
42-6; H, 7-1; Br, 28-3%). The picrate forms yellow needles, m. p. 
152—153°, moderately easily soluble in alcohol or water (Found : 
N, 13-1. C,gH.0,,N, requires N, 13-0%). 

a-Methylbetaine of 4-Hydroxypiperidylacetic Acid.—An aqueous 
suspension of freshly prepared silver oxide was gradually added to 
ethyl «-4-hydroxypiperidylacetate methobromide until the brown 
colour of the oxide persisted. The filtrate from the silver bromide was 
evaporated, finally over sulphuric acid in a vacuum, and the residue 
was dissolved in hot alcohol, a little brown insoluble matter being 
removed by filtration. On cooling, the betaine was deposited as 
pearly leaflets, m. p. 271—272°, moderately easily soluble in alcohol 
and easily soluble in water (Found: C, 55-2; H, 8-4. C,H,,0,N 
requires C, 55-4; H, 8-7%). 

a-4-Hydroxypiperidylacetic Acid Methobromide.—The above de- 
scribed betaine was converted into the corresponding methobromide 
by dissolving it in a slight excess of hydrobromic acid and evaporat- 
ing the solution on the water-bath under diminished pressure. The 
residue, crystallised from alcohol, gave the methobromide as colourless 
prisms, m. p. 170—172° (Found: Br, 31-2. C,H,,0,NBr requires 
Br, 31-5%). 

If the betaine is dissolved in less hydrobromic acid, a basic salt is 
obtained containing two molecules of betaine to one molecule of 
hydrogen bromide. It crystallised from alcohol in clusters of fine, 
radiating needles, m. p. 215—218° (decomp.) (Found: Br, 18-9. 
C,,H,,0,N,Br requires Br, 18-7%). Similar compounds were 
obtained by Kriiger from pyridine betaine (J. pr. Chem., 1891, 43, 
289). The substance probably has the constitution 


“CH CO.” CH,-CO.H 


the dotted line representing an electro-valency. 

8-Methylbetaine of 4-Hydroxypiperidylacetic Acid-—The filtrate 
from the first extraction with alcohol of crude ethyl hydroxy- 
piperidylacetate methobromide (p. 2622) was evaporated and the 
residue (11-5 g.) was converted into betaine with silver oxide. The 
resulting mixture of the two betaines was extracted with cold alcohol 
(15 c.c.), which removed most of the more soluble «-compound; the 
residue, crystallised from rectified spirit, gave the pure 8-methyl- 


7 + Me Meta 
Br| C;H,(OH)N< 4 “>NC;H,OH 
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betaine as small, beautifully formed prisms, m. p. 266—267° 
(decomp.), sparingly soluble in alcohol, easily soluble in water. 
The crystals contain one molecule of water of crystallisation which 
is lost at 100° (Found : C, 50-2; H, 9-1; H,O, 9-4. C,H,;0,N,H,O 
requires C, 50:2; H, 9-0; H,O, 9-4%. Found for the anhydrous 
compound: C, 55:6; H, 8-7. C,H,,O,N requires C, 55-4; H, 
8-7%). The hydrated and the anhydrous substance showed the 
same melting point: a mixture with the «-betaine melted at 249— 
251°. 

§-4-Hydroxypiperidylacetic acid methobromide was prepared by 
treating the corresponding betaine with hydrobromic acid in the 
manner described for the «-modification ; it crystallised from alcohol 
in prisms, m. p. 210° (decomp.) (Found: Br, 31-5. C,H,,O,NBr 
requires Br, 31:5%). A basic salt corresponding with that formed 
from the «-betaine could be isolated by using less hydrobromic acid. 
It formed colourless needles, m. p. 220—221° (decomp.), from alcohol 
(Found: C, 44-7; H, 7-2; Br, 18-9. C,,H,,0,N,Br requires C, 
44-9; H, 7-3; Br, 18-7%). 

Ethyl §-4-Hydroxypiperidyiacetate Methochloride——The £-betaine 
(1 g.) was covered with absolute alcohol (10 ¢.c.) and dry hydrogen 
chloride was passed in, with cooling, to saturation; the betaine 
then gradually dissolved. After standing a day, the mixture was 
evaporated in a vacuum over sulphuric acid and solid sodium 
hydroxide; the residue, recrystallised from alcohol, gave the pure 
ester methochloride (0-93 g.) as rosettes of leaflets, m. p. 206° (decomp.) 
(Found: Cl, 14-9. C,,)H,,0,NCl requires Cl, 14-9%). 

The corresponding picrate was prepared from the chloride by 
double decomposition with sodium picrate; it formed golden- 
yellow needles, m. p. 126°, from water (Found: N, 13-0. 
C,,H..0,,N, requires N, 13-0%). The pure §-picrate could not 
be obtained from the mixed picrates formed by the action of sodium 
picrate on the more soluble fractions of the original ester metho- 
bromide. Crystallisation from several different solvents gave only 
a mixture of unchanged m. p. 118—120-5°. 

Ethyl 8-4-Hydroxypiperidylacetate Methobromide.—The 8-betaine 
(2 g.) and 9% alcoholic hydrogen bromide (30 c.c.) were allowed to 
stand over-night and then refluxed gently for 8 hours. The solid 
slowly dissolved on heating and, on cooling, the ester methobromide 
(2:2 g.; m. p. 205°) was deposited. After crystallisation from 
alcohol, in which it was moderately easily soluble, the pure compound 
of m. p. 206° was obtained (Found: C, 42-6; H, 7:2; Br, 28-1. 
C1 9H90,NBr requires C, 42-6; H, 7-1; Br, 28-3%). 

A series of mixtures of the «- and $-ester methobromides was 
prepared and the following melting points were observed : 
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% a-Salt. M. p. % a-Salt. M. p. 
0-0 206° 51:8 205° 
13-1 205 69-7 208 
26-1 203-8 81-0 211 
33-4 203-5 89-0 214-3 
41-9 203-8 100 221 


A curve plotted from these data indicates that the two salts form 
a continuous series of solid solutions. The analytically pure 
mixture of the «- and @-bromides formed by the addition of ethyl 
bromoacetate to hydroxymethylpiperidine melted at 204°. This 
indicates that it contained either 22% or 42% of the «-salt, but the 
amount of «-salt isolated decides for the latter figure. 

4-Bromoacetoxy-1-methylpiperidine (IV). It seemed not im- 
possible that it might prove practicable to determine the configur- 
ations of the «- and £-series by relating compounds belonging to the 
one or the other to the lactone (V). 


CH,Br-CO: Ov ae ‘CH, 


ee 9 co CH, (V.) 


As neither the «- nor the elite of an ueabile 
acetic acid showed any tendency to lactonise on heating, 4-bromo- 
acetoxy-1-methylpiperidine was prepared as a possible source of 
the lactone. A solution of 4-hydroxy-1-methylpiperidine (5-1 g.) in 
benzene (100 c.c.) was dropped with mechanical stirring during 
} hour into bromoacetyl bromide (9 g.), and the mixture kept over- 
night. The benzene was decanted from the product, the hydro- 
bromide of the required base, which had been deposited as a gum on 
the sides of the flask; this gum crystallised from alcohol in clusters 
of minute, radiating needles, m. p. 172°, very soluble in water and 
sparingly soluble in alcohol [Found: C, 30-3; H, 4:9; Br (ionic), 
25-2. C,H,,O,NBr, requires C, 30:3; H, 4:8; Br (ionic), 25-2%]. 
We were unable to prepare the required lactone from the free base 
corresponding with this hydrobromide. Heated in benzene solu- 
tion, it gave an amorphous solid, containing 2% too little bromine 
for the lactone, which was probably an impure polymeride. Heated 
in alcohol, it gave a mixture of the «- and 8-methobromides of ethyl 
hydroxypiperidylacetate, indicating that alcoholysis of the bromo- 
acetyl group had occurred followed by recombination of the pro- 
ducts, hydroxymethylpiperidine and ethyl bromoacetate. That this 
lactone could not be prepared is not surprising, as its formation 
would involve the production of a tricyclic compound containing 
two 7-membered rings. 
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CCCXLVII.—The Electrolysis of Potassium Chloride 
Solutions by Alternating Currents. 


By ArtTuuR JoHN ALLMAND and HERBERT CHARLES CocKs. 


TuHIs subject has been studied by Coppadoro (Gazzetta, 1905, 35, 
ii, 604), using 42-cycle current and 3N-potassium or sodium chloride. 
With polished platinum electrodes and at room temperature, no 
electrolysis was noticed until a C.D. of 0-5 amp./cm.? had been 
exceeded; above this threshold value, hydrogen was evolved and 
hypochlorite formed, oxygen also being detected after the electrolysis 
had been proceeding for some time. The electrodes were corroded, 
and to some extent went into solution as platinum compounds and 
as colloidal platinum; if the C.D. were not sufficiently high, they 
became platinised and electrolysis ceased. With graphite electrodes, 
no hypochlorite was formed below a C.D. of 10 amps./cm.?, under 
which conditions the electrodes were considerably attacked. The 
hypochlorite current efficiencies were low, e.g., 2% during a 30- 
minute run at 1 amp./em.2. After a time, a stationary hypochlorite 
concentration was reached, and further electrolysis produced 
chlorate. In a second paper (ibid., 1906, 36, ii, 321), Coppadoro 
reports experiments carried out at 50—70°, under which conditions 
chlorate, and not hypochlorite, is formed. 

The work now recorded is a systematic study of the different 
factors which can affect this electrolysis when carried out at room 
temperature. In particular, the effects of frequency, current 
density, and concentration have been investigated. It may be said 
at once that, in so far as the conditions under which we have worked 
coincide with those of Coppadoro, our results are in agreement with 
his. 


EXPERIMENTAL. 


Apparatus.—The cell used in the great majority of the experi- 
ments consisted of a beaker of about 200 c.c. capacity, provided with 
a wooden lid. This carried (a) the capillary exit-tube of a glass hood 
of bell-jar shape, which dipped below the surface of the electrolyte 
to within 1—2 cm. of the bottom of the beaker, (b) a thermometer, 
and (c) the glass tubes into which the electrodes were sealed. These 
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tubes were bent back twice through 90°, so as to project upwards 
below the edge of and into the hood. The electrodes, spaced ver- 
tically and parallel to one another about 2 cm. apart, were 1 cm. 
square, and were carefully polished and burnished before each 
experiment. The cell itself stood in a large vessel of water, in order 
to keep down the temperature during electrolysis. The capillary 
exit led to the three-way tap of a gas-burette, which could also be 
connected with a Hempel gas-pipette containing alkaline pyrogallol. 
About 90 c.c. of electrolyte were placed in the cell and, by mani- 
pulation of the burette, made to fill completely the hood, the 
capillary connecting tube, and one bore of the three-way tap. The 
gas-burette, the other tap-bore, and the second connecting tube were 
then filled with water, and the whole was attached to the pyrogallol 
pipette. After electrolysis for a definite period of time, the evolved 
gases were passed over to the burette (care being taken to transfer 
all bubbles adhering to the sides of the hood), measured, and the 
oxygen content was determined. No attempt was made to estimate 
or to allow for any gases dissolved either in the electrolyte or in the 
burette liquid. No chlorine was detected at any time, and con- 
sequently, after subtracting the oxygen present, the residue was 
regarded as hydrogen. Immediately after the transfer of the gases, 
the cell liquid was made up to a definite volume, and analysed by the 
usual methods for hypochlorite and for total available oxygen. The 
presence of platinum in the solution caused the iodine-starch end- 
point to be rather less definite than usual, but did not appreciably 
affect the accuracy of the analysis. 

The current used was hand-regulated by a variable resistance, 
and measured by a calibrated hot-wire ammeter. It was produced 
by one of two machines (a G.E.C. 16-pole alternator, capable of being 
run between the limits of 5 and 240 cycles, and a 24-pole alternator 
of inductor type, made by the Crocker-Wheeler Company, and giving 
350—500 cycles) which have been described elsewhere (Trans. 
Faraday Soc., 1925, 21, 1). 

Preliminary Experiments—When graphite electrodes, 3N- 
potassium chloride, and a C.D. of 1 amp./cm.? were used, electrolysis 
was inappreciable with 18 cycles, and only very slight at a frequency 
of 6 cycles. (With this very low frequency, we made no attempt to 
use higher C.D.’s._ This could only have been done by reducing the 
size of the electrodes, the output of our machine under these con- 
ditions being small.) With polished platinum electrodes and a 
frequency = 6, there was considerable electrolysis even at 0:3 
amp./em.?. If the electrodes were platinised, the results were as 
with graphite. These experiments also showed the importance of 
determining the hypochlorite immediately after conclusion of the 
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electrolysis. In presence of the 3N-potassium chloride, decomposi- 
tion was fairly rapid, even in the absence of platinum and platinum 
compounds. 

Effect of Frequency and Current Density——The experiments 
described in this section were all carried out with 3N-potassium 
chloride. The frequencies employed were n = 5—6, 21—22, 41, 
50, 64, and 120 cycles per second. Depending on n (and therefore 
on the available output of the machine), the currents used varied 
between the limits of 0-1 and 2-5 amps. Low C.D.’s and high fre- 
quencies favoured platinisation of the electrodes. With n = 6, 
this was hardly perceptible, even with the lowest C.D.’s employed 
(0-1—0-3 amp./cm.”); with » = 22, platinisation was appreciable 
with low C.D.’s, but very slight with 2—2-5 amps./cm.?; with the 
higher frequencies, it was always very noticeable. In addition, a 
yellow deposit (probably potassium chloroplatinate) was sometimes 
found on the electrode; it was produced neither at the lowest nor 
at the highest C.D.’s, but usually at about 0-3—1 amp./cm.’. It 
was less noticeable with high frequencies. Finally, with all except 
the lowest C.D.’s, the electrolyte became yellow or brownish-yellow 
and finally cloudy, and the more so as the electrolysis proceeded, 
On the assumption that the lessened tendency to formation of 
deposits of any kind on the electrodes at high C.D.’s is due to their 
being scoured by the rush of evolved gas, the facts mentioned are 
qualitatively consistent with the conception that ionisation of the 
normally passive platinum, like the other electrolytic processes (as 
will be seen), takes place the more readily during the anodic pulse 
the lower the frequency and the higher the C.D.; and that the 
reverse change takes place to a greater extent during the cathodic 
pulse the higher the frequency. 

Only in one case (n = 41, i = 2 amps.) was any chlorate pro- 
duction noticed, and here there was definite local heating. 

Table I contains a typical set of results. The current efficiencies 
are calculated, as throughout the paper, on a basis of actual coulombs 
passed, i.e., assuming the current to have a sine wave form, the 
average current used for the calculation is 0-9 of the value in column 
2, or ents = 2/2 |x . Tetective = 0-9 Vetectives 

Fig. 1 shows the effect of C.D. on current efficiency for n = 5—6, 
21—22, and 64. A remarkable feature in the curves for the lower 
frequencies is the abrupt changes in direction that occur at 0-3—0-4 
and at about 1 amp., respectively. Fig. 2 exhibits the effect of 
frequency for currents of 1, 1-5, and 2 amps. 

As Fig. 1 shows the current efficiency (for the lower frequencies) 
to be increasing very rapidly with the C.D., a few experiments were 
carried out with very high C.D.’s and platinum wire electrodes. In 
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TABLE I, 


Polished platinum electrodes, 1 cm.2. Electrolyte, 3N-KCl. 
Frequency, 5—6 cycles. Temperature, 10—20°. 


Current Current efficiencies, %. 
Time (r.m.s.) r- ~ 

(mins.). (amps.). Hydrogen. Hypochlorite. Oxygen. Total anodic. 
120 0-1 1-1 3°3 0-22 3°5 
60 0-2 10-7 7:8 0-56 8-3 
40 0-3 20°¢ 13-3 2°3 15-6 
30 0-4 21-6 16-7 2:1 18-8 
24 0-5 22-9 17-8 2-1 19-9 
20 0-6 24-2 18-7 2-1 20-8 
17 0-7 27°1 22-3 2:7 25-0 
15 0-8 31-8 24-2 3°2 27-4 
10 0-9 34-4 27-8 2-9 30-7 
10 1-0 40-6 31:3 3-6 34-9 
6 ]:1 44-9 36-4 3°9 40°3 

Fic. 1. 


/ 
o* 


Current efficiency, © 


Cyrrent (amperes). 
x Hydrogen. - Total anodic. © Hypochlorite. 


this case, the gases were not collected, and the cell used, of 35 c.c. 
capacity, was cooled externally by running water. Each electrode 
consisted of 8 mm. of platinum wire of 0:38 mm. diameter, and had 
therefore a total area of 0-09—0-1 cm.2._ They were spaced about 
13cm. apart. The results (Table IT) show that the curves for these 
frequencies in Fig. 1 must soon bend over with increasing current 
and, from being convex, become concave. 

C.D.’s exceeding 15 amps./cm.? at 22 cycles caused the formation 
of sparks and arcs around the electrodes, which remained quite clean 
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TABLE II. 
Platinum wire electrodes, 0-1 cm.?, Electrolyte, 3N-KCI. 
Current (r.m.s.) Hypochlorite current 


Frequency. Time (mins.). (amp.). efficiency, %. 
5 15 0-4 65-6 
6 30 0-3 64-4 
22 5 1-0 61-1 


in every case. At 5—6 cycles, the electrolyte also remained clear 
at these high C.D.’s, but became pale yellow in colour, whilst, with 
22 cycles, it became dark brown or black. In all cases, good thio- 
sulphate end-points were obtained (sharp change from blue to 
colourless). 


Fia. 2. 


Current efficiency, %. 


or 


10 20 30 40 50 60 70 
Frequency. 
x 1 amp. *) 1:5 amps. - 2 amps. 


Whatever the C.D., the total anodic current efficiency (hypo- 
chlorite plus oxygen) was less than the cathodic current efficiency 
(as in Table I, for n = 6). A determination of the quantity of 
platinum dissolved after one of the experiments indicated that about 
one-third of the usual deficiency could be accounted for in this way, 
assuming that the metal had dissolved in the quadrivalent state. 
In addition, the electrodes, carefully washed after electrolysis and 
then immersed in a colourless solution of acidified potassium iodide 
and starch, soon caused a slight colour to develop, showing that they 
contained traces of some oxidation product of platinum, the amount, 
however, being negligible in comparison with the ‘“‘ missing ” 
oxygen. Formation of perchlorate was not tested for, but is very 
unlikely. As the products formed at the two electrodes were 
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collected together, the cause could not be a slight rectification. 
With platinum electrodes of unequal size in sulphuric acid, this does 
take place to a certain extent (Mengarini, Electrician, 1891, 27, 334; 
Gundry, Phil. Mag., 1906, 11, 329; Vaillant, Compt. rend., 1919, 
468, 687), and it was also observed by Ayrton and Perry (Electrician, 
1888, 21, 299) when using an ordinary Hoffmann voltameter. In 
our work, it seemed negligible, judging from the results of experi- 
ments carried out with a variety of C.D.’s and frequencies, a hot-wire 
ammeter and a moving-coil ammeter being in series in the circuit. 


Fia. 3. 
30 ; 
25 4 
& 204 / 
> 
fj 
8 15; 
> 7 
: / 
5 10 [/ 
VA 
5 p> y 
4 . od 
xX - 
ee 
0°5 10 1°5 2°0 
Current (amperes). 
x Hydrogen. © Hypochlorite. - Oxygen. 


In some cases, indeed, we certainly noticed more gas coming off at 
one of the two apparently quite similar electrodes, but this does not 
necessarily indicate rectification. 

Expressed in terms of oxygen gas, the maximum deficiency was 
of the order of 1 c.c. One possibility is that the missing gas had 
dissolved in the electrolyte or in the water in the measuring burette. 
Perhaps it was formed by spontaneous decomposition of the hypo- 
chlorite, and remained in a state of supersaturation, as is the case in 
the photodecomposition of chlorine water or of hypochlorous acid 
solutions (J., 1925, 127, 822). It may be remarked that the 
alternating-current electrolysis of sulphuric acid between platinum 
electrodes has, on several occasions, been noticed to give a deficiency 
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of oxygen (Manceuvrier and Chappuis, Compt. rend., 1888, 106, 
1719; Marsh, Proc. Roy. Soc., 1920, 97, 124). 

Effect of Concentration.—A series of experiments was carried out 
on N-potassium chloride solutions, with frequencies varying 
between 6 and 180, and currents up to 2 amps. The electrodes 
became platinised in every case, but there was no formation of 
yellow deposit. The electrolyte became increasingly turbid (yellow 
or brown) as the electrolysis proceeded. Fig. 3 contains graphs of 
the data for n = 21, whilst in Table III are the results for n = 5—6 
and » = 21—22, compared with the corresponding figures given by 
3N-potassium chloride. 


TaB_eE III. 
Cathodic current Hypochlorite current 

Current efficiency, %, efficiency, %, 

(r.m.s.) F si . r * 

Frequency. (amps.). 3N-KCl. N-KCI. 3N-KCl. N-KCIL. 

6 0-1 1-1 0-33 3:3 0-22 
6 0-2 10-7 0-78 7:8 2:3 
6 0-3 20-3 6-1 13-3 6-4 
21 0:5 2:1 0-56 1-2 1-0 
21 1-0 6-0 6-0 4-2 5-6 
21 1-5 10-3 16-2 7:8 14-1 
21 2-0 20-8 29-8 15-2 23-0 


It will be noted that the curves for N-potassium chloride do not 
show the breaks which are such a marked feature in those for the 
3N-solution. Like the latter, their slope must clearly become less 
at higher C.D.’s. Corresponding to their continuous nature, the 
current efficiencies are seen to be lower at lower, and higher at 
higher, current densities than is the case with 3N-potassium chloride. 
The effect of frequency is similar to that shown in Fig. 2. 

A few experiments only were done with 0-1N-potassium chloride 
solutions, owing to the low conductivity and consequent tendency 
to temperature rise, with formation of chlorate. The results were 
of no particular interest. 

Effect of Addition of Alkali.—These experiments, carried out with 
solutions of composition 3N-KCl + 0-1N-NaOH, were suggested by 
the well-known fact that hypochlorites are more stable in alkaline 
than in neutral or acid solution. The results, compared with those 
given by a neutral solution, are shown in Table IV. 

It will be seen that, whilst the yield of hypochlorite is lowered, 
that of both hydrogen and oxygen is increased by the addition of 
alkali, whilst the deficiency in the total anodic yield still persists. 
This last result appears to dispose of the suggested possibility of the 
deficiency being due to supersaturated oxygen resulting from 
chemical decomposition of the hypochlorite, for this was found to 
be very low in the alkaline solution. 
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TABLE IV. 
Polished platinum electrodes, 1 cm.2._ Frequency, 6. 
Temperature, 10—20°. 


Current efficiencies, %. 


Neutral solutions. Alkaline solutions. 


Current = 

(r.m.s.) Hydro- Hypo- Oxy- Total Hydro- Hypo- Oxy- Total 

(amp.). gen. chlorite. gen. anodic. gen. chlorite. gen. anodic. 
0-5 22-9 17-8 2-1 19-9 27:1 17-0 8-0 25-0 
0-8 31:8 24-2 3-2 27-4 34-4 22-0 8-3 30-3 


Effect of Addition of Potassium Chromate.—It is well known that, 
in direct-current electrolysis of alkali-metal chlorides, the hypo- 
chlorite yield can be markedly increased by the addition of a 
chromate, its effect being to reduce considerably the cathodic 
reduction of hypochlorite ions which otherwise takes place, owing 
to the formation on the electrode of a film (“‘ cathode diaphragm ”’) 
which is usually supposed to be chromium chromate. Experiments 
were consequently done with 3N-potassium chloride solutions con- 
taining, in addition, 1 g. of potassium chromate per litre. It is 
unnecessary to give the results in detail, as the effects were small. 
Quite definitely, however, there appeared to be a decrease in current 
efficiency at low, and an increase at high, current densities. This 
was observed with both 6- and 22-cycle current. The platinum also 
appeared to be less attacked. No platinum-black was formed, nor 
did the electrolyte become as cloudy as under similar conditions in 
the absence of chromate. 

Effect of Stirring —Experiments were carried out in the simple 
type of cell used for investigating the effect of high C.D., a 
mechanically driven stirrer running at a fairly high speed being used. 
No attempt was made to collect the gases. The anticipated increase 
in current efficiency is seen to be marked (Table V). 


TABLE V. 
Hypochlorite current efficiency, %. 
Current (r.m.s.) —— a 

Frequency. (amps.). Without stirring. With stirring. 
6 0-2 7:8 14-8 
6 0-5 17:8 25-0 
6 0-8 24-2 36-0 
6 1-0 31-4 38-7 
42 1-5 2-1 8-3 


Limiting Hypochlorite Concentration.—These experiments were 
carried out in the same simple cell. Stirring was not employed, but 
the cell was kept cool by a stream of water running over it. With 
25 c.c. of neutral 3N-potassium chloride and a current of 1-2 amps. 
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at a frequency of 6, the hypochlorite concentration rose, first rapidly, 
then slowly, to about 0:27—0-28N after a run of 2}—3 hours, 
Further electrolysis led to no further increase—on the contrary, a 
slight decrease was observed after 5 hours, the concentration 
falling to 0-26N. Considerable amounts of a brown precipitate 
were formed, and the electrodes became covered with a (partly 
black) deposit. Gas evolution had almost ceased after 4 hours. 
An experiment with 3 amps. at 21 cycles gave very similar results— 
a concentration of 0-27N after 24 hours, considerable electrode 
corrosion and precipitate formation, and gradual elimination of gas 
evolution. Before this ceased, it was noticed that much of it was 
taking place throughout the whole bulk of the electrolyte, not merely 
at the electrodes. In another experiment, after 4 hours’ electrolysis 
with 1-2 amps. (n = 6), the solution was 0-32N with respect to 
hypochlorite. Chlorate was present to the extent of 0-095N. It 
was noticed that, in this case, gas evolution was much stronger at 
the end of the experiment than in the previous cases, and, at the 
same time, the electrodes were far cleaner. The addition of free 
alkali to the original electrolyte lowered the limiting hypochlorite 
concentration. On the other hand, the addition of 1 g./litre of 
potassium chromate raised it slightly, concentrations of 0-30— 
0-31N being obtained in three separate experiments, using 1-2 
amps. and »=6. Both results are in accordance with those 
recorded earlier. 

Voltage Measurements.—Using the same apparatus, measurements 
were made of the r.m.s. voltage across the cell under varying con- 
ditions of electrolysis. In all cases, an unstirred 3N-potassium 
chloride solution was used, and the cell was cooled by running 
water. The electrodes were 1 cm. squares of polished and of 
platinised platinum, in addition to graphite electrodes of as nearly 
as possible the same area. In all cases, they were placed 1-2 cm. 
apart. The measurements were made by means of a Duddell 
thermo-galvanometer, previously calibrated by means of a standard 
D.C. voltmeter. Readings were taken immediately on switching 
in the current, and repeated at 10-minute intervals during 1 hour. 
With polished platinum, there was generally a fall during the elec- 
trolysis, varying from 1 or 2 centivolts up to several decivolts, com- 
paratively rapid at the start, most noticeable when electrolysis 
was considerable, and obviously connected with the corrosion or 
platinisation of the electrodes. With platinised platinum and 
graphite, at which little or no electrolysis took place, the decreases 
in voltage noticed were correspondingly less. Occasionally a rise 
in voltage was observed. Under identical conditions of current 
and frequency, the cell voltage decreased in the order: polished 
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platinum> platinised platinum>graphite, represented by (A), (B), 
and (C) respectively in Table VI, which contains typical figures. 


TaBLE VI. 
Voltage across electrodes. 
Time ’ as 
(mins.) mn=6; 7=0-12 amp. n=6; +=1 amp. n=48; 7=1 amp. 
after — ~ : ao. 

start. (A). (B).  (C). (A). (@). (C). (A). (B). (C). 
0 160 1:04 1-10 3°77 3:08 3°23 3°05 2°42 2-22 
10 1:58 1-27 1-04 3:63 3:04 3:06 2:95 2-36 2-07 
20 1:60 1-32 1-00 3°58 3:02 2°97 2:78 2-34 2-08 
30 1-60 1-32 0-98 3°56 3:02 2-97 2-78 2:36 2-08 
40 1-60 0-96 3-53 2-97 2-74 2-08 
50 1-60 0-83 3°51 2-99 2-59 2-07 
60 1-59 0-94 3°51 2-96 2-50 2-06 


— Slight Nil Nil Much Slight Slight Slight Nil Nil 
ysis 

Owing to the time effett, the data are, in general, unsuited for 
exact comparison. It is clear, however, that the cell voltage 
increased both with increased C.D. and with diminished frequency. 
If the last factor were kept constant, more or less linear voltage— 
current density plots were obtained, which, on extrapolation to zero 
current, cut the voltage axis at some distance from the origin. 
These intercepts, which must be regarded as indicative of residual 
polarisation at the electrodes, were smaller the higher the frequency. 
But, even with 480 cycles, they corresponded to about 0-5 volt with 
polished and 0-2 volt with platinised platinum. This last figure must 
be regarded as showing the linear extrapolation to be unjustified. 

Depolarisation by Chlorine at Platinum and Graphite Cathodes.— 
The lower r.m.s. voltages obtained with graphite as compared with 
polished platinum electrodes are in agreement with the much 
smaller degree of electrolysis found when using graphite, and 
suggest that, in this case, the electrode processes occurring during 
the anodic and cathodic pulses to a great extent simply reverse one 
another. The direct-current chlorine over-voltage is known to be 
greater, during the early stages of electrolysis, at graphite than at 
smooth platinum (Knobel, Caplan, and Eiseman, Trans. Amer. 
Electrochem. Soc., 1923, 43, 55), which argues for a slower rate of the 
reaction. 2C1—>Cl,, and for a relatively great heaping up of chlorine 
atoms in the graphite surface layers. Under the conditions of 
alternating-current electrolysis, these might be expected to ionise 
during the cathodic pulse, whereas, with a platinum anode, hydrogen 
ions would be discharged. If, however, the reaction 2C1—>Cl, is 
slow, so will also be Cl, —>2Cl, and consequently a graphite cathode 
depolarised by chlorine should be more easily polarised under the 
same conditions of C.D. than a similar smooth platinum cathode. 
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Experiments were done to test this view. The cell consisted of a 
U-tube of wide bore, partly filled with N-hydrochloric acid. In one 
limb was a platinum anode, in the other a 1 cm.-square cathode of 
either polished platinum or graphite, half immersed in the electrolyte. 
Against the cathode pressed the tip of a Luggin capillary, sealed in 
through the wall of the U-tube, and making connexion, through a 
bridge of 3N-potassium chloride, with a normal calomel electrode. 
By means of a jet sealed into the bottom of this limb, a stream of 
chlorine gas could be bubbled round the cathode. After the elec- 
trolyte had been saturated with chlorine, the static cathode potential 
was measured, and then a series of continuously increasing small 
measured currents was passed through the cell, and the potential 
again observed after each alteration in current. The results are 
contained in Table VII. The differences observed are very marked, 
and of the nature anticipated. 


TaBLeE VII. 
Polished platinum cathode. Graphite cathode. 
Polarising Change in Change in 
current Potential potential Potential potential 
(milliamps.). (7) (volts). (millivolts). (711) (volts). (millivolts). 
0-0 + 1-392 —_ + 1-378 — 
0-2 1-390 — 2 1-378 0 
1-0 1-383 — 9 1-367 — ll 
2-0 1-376 —16 1-350 — 28 
3-0 1-371 —21 — as 
4-0 1-366 —26 1-322 — 56 
10-0 1-321 —7l1 1-212 — 166 


Average Electrode Potentials during Alternating-current Electrolysis. 
—These measurements were carried out with currents of frequency 
20, polished platinum electrodes in 3N-potassium chloride being 
used, and a normal calomel electrode. Prior to them, readings 
were taken with 1 cm.-square electrodes of platinised platinum in 
N-sulphuric acid, a normal mercurous sulphate electrode being used 
as reference electrode, and currents of 17 and of 480 cycles being 
employed. The results indicated that, whilst a static platinised 
platinum electrode in NV -sulphuric acid acts as an air electrode with a 
potential of about ~, = + 0-97 volt, its oxygen content increases 
and its average potential becomes more positive as electrolysis 
proceeds. When the current is cut off, the static potential slowly 
returns to the original air value. Typical results are contained in 
Table VIII. 

Similar observations on the behaviour of the potentials of platinum 
electrodes in sulphuric acid under the influence of alternating 
currents have been made by Ghosh (J. Amer. Chem. Soc., 1914, 36, 
2333) and by Vaillant (Compt. rend., 1919, 168, 768). 
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TaBLe VIII. 
Electrode potentials (x,), volts. 


n = 480; « = 0-11 amp. n = 17; «1 = 0-15 amp. 
Conditions of ee Lag 

measurement. Ty. Change. Ty. Change. 

Static. +0-9739 — + 0-9695 — 
A.C. on for 0-5 min. 0-9940 +0-0201 1-:021i +0-0516 
oe » 10mins. 1-0014 +0:-0275 1-0512 +0-0817 
we —— i 1-0046 +0-0307 1-0663 +0-0968 
” %9  _— 1-0071 +0-0332 1-0749 +0-1054 
A.C. off for 10 ,, 1-0046 +0-0307 1-0511 +0-0816 
ee = ee, is — — 1-0468 +0-0773 

» aa 18 hrs. 0:9695 — 0:0044 = —— 
No electrolysis. Traces of gas evolved. 


The behaviour of polished platinum electrodes in 3N-potassium 
chloride was, however, different, as is shown in Table IX. 


- Tasre IX. 


Polished platinum electrodes, 1 cm.?. Electrolyte, 3N-KCI. 
Frequency, 20 cycles. 


Electrode potentials (xq), volts. 


i = 0-2 amp. = 0:3 amp. i = 0-5 amp. 
Conditions of =n ~ r = ~ cr a ~ 
measurement, Tye Change. Tie Change. Ty. Change. 
Static. +0-5482 +0°5050 +0°5345 
A.C. onfor 2 mins. 0:2443 —0-2607 
2 Ss 0:0424 —0-5058 0-:2307 —0-2743 0-3486 —0-1859 
— 0-0481 —0-5001 
4.C.offfor 5 ,, 0:7052 +0-2002 0-9540 +0-4195 
a ee Se 0-5884 +0-0402 0:7303 +0-2253 0-9832 +0-4487 
eS 0:7448  +0-2398 
a a we 05674 +0-0192 
— 0-9931 +0-4586 
18 hrs. 05737 +0-0255 


” ” 


The average potential measured during electrolysis is seen to be 
less positive than the static air potential, but to increase with 
increasing C.D. As oxygen is liberated during the electrolysis 
(although only in traces at those C.D.’s used in this series of experi- 
ments) and in amounts increasing with, and more rapidly than, the 
C.D., it is reasonable to assume here also, as with platinised platinum 
in dilute sulphuric acid, that the average electrode potential corre- 
sponds to the average oxygen charge in the electrode during the 
complete cycle. When the current is cut off, the potential rapidly 
rises, owing to the hypochlorite in the solution, and to an extent 
determined by the concentration of the latter. Slow decomposition 
of the hypochlorite will be accompanied by an ultimate gradual 
potential fall to the air value. It may be mentioned that Ghosh 
(loc. cit.), using platinum electrodes in hydrochloric acid solutions, 
also found the potentials to become more negative on polarisation 
with alternating currents. In this case, however, as no oxidising 
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agent is formed in solution, the electrode potentials, after electrolysis, 
simply return gradually to the limiting air potential figures. 


Discussion. 


The main results of this work are in general agreement with the 
“fundamental laws” of alternating-current electrolysis formu- 
lated by Mengarini (Hlectrician, 1891, 27, 304), viz., that the current 
efficiency (1) decreases with decreasing C.D. and falls to zero below a 
threshold C.D. value, and (2) decreases with increasing frequency 
and becomes zero above a threshold frequency—these threshold 
- frequencies and C.D.’s being functions of one another and also of 
the particular electrolysis in question. The most interesting feature 
of Figs. 1 and 3 is the discontinuity shown by the 3N-potassium 
chloride curves at low frequencies when compared with the 
N-potassium chloride curves. These breaks could not be correlated 
with changes in the electrode surface, and they seem difficult of 
explanation. Systematic measurements of electrode polarisation, 
best with the aid of an oscillograph, appear necessary. An increase in 
C.D. also increases the current efficiency of direct-current hypochlorite 
production; but, whereas the favourable effect is here probably 
connected with the more ready formation of an acid diffusion layer, 
free from hypochlorite ions, around the anode, in the case of alternat- 
ing currents it is a question of a relative diminution in the extent to 
which the anodic and cathodic pulses merely neutralise one another’s 
effects, as a result of discharged ions remaining in or on the electrodes. 

The addition of alkali, obviously owing to the primary discharge 
of hydroxyl instead of chlorine ions, has been seen to lower the 
efficiency of hypochlorite production. This is also the fact in 
direct-current electrolysis; but, in that case, where higher hypo- 
chlorite concentrations are encountered, the cause is rather the 
destruction of the acid “ diffusion layer ’” mentioned above, and the 
consequent facilitated anodic discharge of hypochlorite ions. The 
small effect of the addition of chromate, compared with its influence 
on the course of the direct-current electrolysis, results from the fact 
that the hypochlorite ions are produced inside, or in the pores of, 
and not outside, the “‘ cathode diaphragm.” For similar reasons, 
stirring increases the current efficiency, whereas the best results are 
obtained with direct currents when an undisturbed electrolyte is used. 

The limiting hypochlorite concentration observed (about 0-31) 
is, of course, far lower than that given by a direct current under 
similar conditions of concentration, current density, and temper- 
ature. It corresponds, in fact, roughly to the equilibrium concen- 
tration obtained at room temperature with 1-7N-sodium chloride, 
and a C.D. of 1-7 amps./dem.* (Foerster and Miiller, Z. Elektrochem., 
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1903, 9, 196) whereas, in the present experiments, 3N-potassium 
chloride and a C.D. of 1-2 amps./cm.2 (at 6 cycles) were employed. 
As mentioned, chlorate was found to be present, and there is no 
doubt that, with alternating as with direct currents, the limit 
reached in the hypochlorite concentration is due to hypochlorite-ion 
discharge. 

The electrode potential data have already been discussed. _We 
will only add that oscillographic measurements —- necessary 
for their more detailed elucidation. 


Summary. 

(1) The alternating-current electrolysis of solutions of potassium 
chloride at room temperature, with polished platinum electrodes, 
has been investigated. 

(2) The influence on the hypochlorite current efficiency of changes 
in concentration, currenf density, and frequency have been studied, 
as have also the effects of adding free alkali or a chromate. 

(3) The maximum hypochlorite concentration possible under the 
conditions of electrolysis has been determined. 

(4) Measurements have been made of the average electrode 
potentials during electrolysis under different conditions. 


This work was carried out during the year 1923. 
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CCCXLVIII.—The Formation of the Sulphites of Azo- 


compounds, 
By ALBERT THEODORE Kina. 


THE sodium bisulphite derivatives of azo-compounds, being markedly 
different in colour from the original azo-compounds, are of great 
technical interest in relation to commercial azo-dyes. The readiness 
or otherwise of their formation under various conditions determines 
the degree of fastness of the dye on wool to stoving (bleaching with 
sulphur dioxide) and to exposure to town air containing sulphur 
dioxide. 

From preliminary observations that the effect of sulphur dioxide 
upon azo-compounds is greatly dependent on the conditions under 
which it is allowed to react, it appeared desirable to examine this 
reaction further, in relation both to the degree of departure shown, 
under optimum conditions, from the accepted commercial standards 
of fastness to stoving and to the influence of constitution and of 
substituent groups on the ease of sulphite formation. 
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Spiegel (Ber., 1885, 18, 1479) prepared a number of these com- 
pounds of azo-dyes by reaction of the dyes with warm aqueous 
or aqueous-alcoholic solutions of sodium hydrogen sulphite, and 
observed that they were very stable towards dilute acids, but were 
decomposed by heat and by alkalis into the original dye and alkali 
sulphite. He regarded them as hydrazo-N-derivatives of the 
general formula NHX-NY-SO,Na. 

Voroschtsov (J. Russ. Phys. Chem. Soc., 1911, 43, 771; 1915, 47, 
1669), on the other hand, regards them as salts of sulphurous esters, 
e.g., CgH;"N:N-C,,H,°O°'SO,Na. He assumes that sulphurous acid 
is added to the naphtholic nucleus in the ketonic form, the product 
losing a molecule of water. He found that the reaction was character- 
istic of hydroxyazo-compounds, and that the corresponding amino- 
azo-compounds, on boiling with aqueous-alcoholic bisulphite, 
formed the sulphite, not of the aminoazo- but of the hydroxyazo- 
compound. He also found that the reaction was confined to the 
azo-derivatives of «- and §-naphthols. These reacted readily, 
whereas o- and p-hydroxyazobenzenes and benzeneazo-o- and 
-p-cresols underwent no change even on prolonged boiling. 

He and his collaborators prepared the sulphites of a number of 
substituted azonaphthols, but did not make anything more than 
qualitative observations on their relative ease of formation. 

A simple method of measuring the rate of formation of the 
sulphites of soluble azo-compounds is provided by the fact that 
these derivatives are very stable not only towards dilute mineral 
acids, but also towards acidified iodine solution. Thus by running 
the reaction mixture into excess of acidified iodine solution, and 
titrating back with thiosulphate, the amount of sulphur dioxide 
which has become inactive by combination with the azo-compound 
is readily ascertained. The method is free from the difficulties 
associated with the estimation of ketone bisulphites (Stewart, J., 
1905, 87, 185). 

For the series of experiments to be described, the sodium 
salts of p-sulphobenzeneazo-@-naphthol (Orange II), 4-sulpho-«- 
naphthaleneazo-$-naphthol (Fast Red A), benzeneazo-f-naphthol- 
6 : 8-disulphonic acid (Acid Orange GG), and a«-naphthaleneazo- 
8-naphthol-6 : 8-disulphonic acid (Crystal Scarlet) were selected, 
these having different degrees of fastness to stoving * (1—2, 2—3, 


* The standard test for fastness of dyes on wool to stoving is carried out 
as follows: The dyed sample is soaked in 2% Marseilles soap solution, wrung 
out, placed in a vessel filled with sulphur dioxide by burning an excess of 
sulphur, left in for 12 hours, rinsed well in cold water, and dried. The dyes 
are placed in five classes according to the extent of colour change, class 1 
being fast, and 5 the most fugitive. 
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1, and 2 respectively) and providing some indication of the influence 
of substitution on the ease of sulphite formation. 

The measurements recorded were confined to 2-hour periods of 
reaction at 25°. Fig. 1 illustrates the percentage converted into 
sulphite by the equivalent quantity of sulphur dioxide, with various 
SO,/NaOH ratios, the reaction mixture corresponding initially to 
N /50-sulphurous acid. 

The most striking variation is shown by Orange II. The reaction 
is negligible with sulphurous acid alone, and the sharp rise in the 
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percentage of azo-sulphite formed occurs beyond the molecular 
ratio SO,/NaOH = 1 (representing the formula NaHSQ,), the 
maximum being with about 1-3 mols. of sodium hydroxide. On 
either side of this maximum the reaction is extremely sensitive to 
variation of the SO,/NaOH ratio. 

On the assumption that the reaction consists in direct addition 
of sodium hydrogen sulphite to the dye to give the hydrazo-N- 
derivative as suggested by Spiegel (loc. cit.), -N-N- + NaHSO,—>» 
*NH-N(SO,Na)-, it would be expected that sulphurous acid and 
caustic soda in equimolecular proportion would effect the most rapid 
conversion. 

Hagglund and Ringborn (Z. anorg. Chem., 1926, 150, 231) conclude 
that the addition of bisulphite to ethylenic linkages proceeds 
according to the similar equation ‘C°C:+-NaHSO,—~> ‘CH-C(SO,Na):. 
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They found the velocity to depend on the concentration of sodium 
bisulphite (or the ion HSO,’), and with normal sulphite there was 
no action. 

Certainly with additional alkali (which readily decomposes azo- 
sulphites) it would be expected that the reaction would be arrested : 
*N-N- + Na,SO, + H,O == -NH-N(SO,Na)- + NaOH. 

With normal sulphite, the reaction is in fact only slight (Fig. 1), 
although a small excess of sodium hydroxide beyond this proportion 
is needed to inhibit the reaction completely. 

The above optimum ratio of greater than unity accords with the 
view that the hydroxy-group is participating in the reaction, and 
that theoretically the most rapid conversion would occur with a 
further molecular proportion of alkali, but that actually this is 
balanced by the simultaneous decomposing action of the latter. 

It is known (Stewart and Baly, J., 1906, 89, 489) that the bisulphite 
compounds of ketones are formed much more rapidly in the case 
of tautomeric compounds like acetoacetic ester, the reactivity 
being presumed to be inherent, not in the carbonyl group itself, 
but in its tautomeric character, which is governed by the action of 
the adjacent groups upon the carbonyl radical. 

Evidence has been advanced, principally by Goldschmidt and 
Liéw Beer (Ber., 1905, 38, 1908), refuting the quinonoid structure 
of p-hydroxyazo-compounds, but there is still a conflict of opinion 
on this point (compare Puxeddu and Germain, Gazzetta, 1922, 52, 
i, 216) and Voroschtsov’s view can be supported, even accepting 
the azophenolic structure, by assuming a similarly tautomeric 
hydroxyl group. This may also be the determining factor in the 
velocity of reaction, as Stewart and Baly maintain in the case of 
ketones. In the tautomerism of the latter, however, alkali favours 
the enol form, and the precise réle of the excess of alkali above 
mentioned in accelerating the formation of azo-sulphites is not at 
present clear. 

So far as is indicated by the four azo-§-naphthols examined, the 
sulphonaphthalene group obviously has a retarding effect compared 
with the benzene derivative, and the benzeneazonaphtholdi- 
sulphonate also is more reactive than the corresponding naphthalene- 
azonaphtholdisulphonate, but any generalisation must be deferred 
pending results over a wider range of azo-derivatives. 

This preliminary series is, however, sufficient to illustrate both 
the varying reactivity of azo-compounds to sulphur dioxide under 
different conditions and also the anomalous behaviour at times 
encountered with dyes scheduled as of good fastness to sulphur 
dioxide under the special conditions of the stoving test, owing to 
their unsuspected sensitiveness to this reagent under favoubrale 
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conditions which can in various ways be fortuitously realised in 
practice. 

As previously mentioned, the formation of azo-sulphites is 
not general with azo-dyes. The examples above were selected on 
account of their observed susceptibility and are all $-naphthol 
derivatives. The «-naphthol derivatives would appear to be 
generally less sensitive, and similar work on these is projected. 

In addition, a third type, principally aminoazo-compounds, does 
not, according to Voroschtsov, give bisulphite derivatives, but 
either through fission or other form of decomposition is destroyed 
by bisulphite and is thus not regenerated by subsequent treatment 


Fia. 2. 
60 - en 
pn Ea 
met 
“2 So 7 | r 
2 
é | | 
ot? i = 
” | | 
cS \> 
a | T\ T — 
Ew _ Xx _| |_| 
Ss | 
a | 
L Fost Acs 1 \ 
10 : Tv . 
| | “pe at 


OS OF 03 G2 O1 GO O1 O2 03 OF OS Ob 07 “O8 09 10 tl 

Equiv’? of H,S0, —H,50,—> Equiv ef ia0H — NaS$0, Na,S0, 
with caustic soda. As an example of such compounds, the sodium 
salt of 3 : 6-disulpho-8-hydroxy-«-naphthaleneazo-«-naphthylphenyl- 
amine-8-sulphonic acid (Fast Acid Blue RH), 

OH-C,,H,(SO,Na),°"N°N°C,,H;(SO,Na)-NHPh, 
wasinvestigated. Thisis very fugitive to stoving, turning eventually 
yellow, and is entirely different in behaviour towards sulphur 
dioxide from the sulphite-forming azo-compounds (Fig. 2). The 
extent of reaction in the 2-hour period employed is most marked 
with about 0-3 equivalent of alkali, and under the optimum sulphite- 
forming conditions the dye scarcely reacts at all. 

Thus the foregoing results indicate that more precise information 
on the reactivity of sulphur dioxide towards the various types of 
azo-dyes is desirable from both the theoretical and the practical 
aspect, and further work is in progress with this end in view. 
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EXPERIMENTAL. 


The dyes in question readily lend themselves to purification. 
Orange II, already practically pure in commercial form, was 
recrystallised twice from 90°% ethyl alcohol. Acid Orange GG, 
Crystal Scarlet, and Fast Red A were first separated from inorganic 
salts by solution in pyridine and reprecipitation with ether; the 
Fast Red A was then recrystallised from amy] alcohol, and the other 
two from 90% ethyl alcohol. Their purity was checked by evalu- 
ation with titanous chloride, which gave Orange II 99-93%, Acid 
Orange GG 100-3%, Crystal Scarlet 99-0%, and Fast Red A 99-1%. 

Preparation of Azo-sulphites—The sulphites of the above- 
mentioned azo-compounds were obtained by stirring the powdered 
dye into excess of concentrated sodium bisulphite solution, gently 
warming the liquid, and keeping it over-night. The bisulphite 
solution is conveniently made by adding 10% sodium hydroxide 
solution to commercial bisulphite solution (20% SO,) until the 
latter reacts only faintly acid to litmus paper. The ease of isolating 
the azo-sulphite varies with the azo-compound employed. 

Sodium 4-Sulpho-«-naphthaleneazo-8-naphthyl Sulphite (Bisulphite 
Compound of Fast Red A).—The reaction mixture was filtered, and 
the solution saturated with sodium chloride. The precipitate thus 
obtained was twice again salted out from aqueous solution and was 
then deposited from aqueous-alcoholic solution, by gradual addition 
to ether, as a reddish-orange, crystalline, hygroscopic powder 
(Found: S as sulphite, 6-65. Calc. for CH,.0,N,S,Na,: S as 
sulphite, 6-6%). 

The sulphite sulphur was estimated by adding the substance, 
dissolved in excess of air-free aqueous sodium hydroxide, to excess 
of acidified iodine solution and titrating the residual iodine with 
thiosulphate. Estimations of total sulphur by the Carius method 
gave low results, presumably through incomplete breaking down of 
the sulphonic group. 

Sodium p-Sulphobenzeneazo--naphthyl Sulphite (Bisulphite Com- 
pound of Orange II, commercial name “‘ Narceine ’’).—The reaction 
mixture deposited a portion of the azo-sulphite on cooling. The 
bulk was separated by adding a little sodium chloride. It was 
again salted out and then recrystallised by cooling a warm con- 
centrated aqueous solution, being thus obtained in buff-yellow 
crystals (Found: S as sulphite, 7-3. Calc. for C,gH,,0,N.S,Na, : 
8, 7:3%). 

Sodium Benzeneazo-6 : 8-disulpho-8-naphthyl Sulphite (Bisulphite 
Compound of Acid Orange GG).—This substance, which is not 
precipitated from its aqueous solution by sodium chloride, was 
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isolated by adding to the reaction mixture twice its volume of 
alcohol, which left it in solution together with some sodium bisul- 
phite. The solution was evaporated to small bulk at a low temper- 
ature and fractionally precipitated by careful addition of alcohol. 
The inorganic salt was precipitated first, and the azo-sulphite was 
obtained, by pouring the filtrate slowly into alcohol-ether, in 
fairly pure condition as a canary-yellow, hygroscopic powder. 

Sodium «-naphthaleneazo-6 : 8-disulpho-B-naphthyl sulphite (bi- 
sulphite compound of Crystal Scarlet) was isolated by the method 
described under Acid Orange GG and obtained as a reddish-orange 
powder deliquescing in air. 

Stability of Azo-sulphites towards Acidified Iodine Solution.—The 
azo-sulphite (0-5 g.) was added to 25 c.c. of acidified iodine solution 
and kept for 24 hours. The blank required 21-9 c.c. of thiosulphate, 
and the azo-sulphites required: Fast Red A (A) 21-9 c.c., Acid 
Orange GG (B) 21-9 c.c., Orange IT (C) 20-9 c.c., Crystal Scarlet (D) 
19-6 c.c. The low results for (C) and (D) were mainly due to con- 
tamination with inorganic sulphite, since it was found that by 
adding iodine to the azo-sulphite in solution until the latter reacted 
to starch paper, and then pouring the mixture into 25 c.c. of acidified 
iodine, the thiosulphate figures were 21-54 and 21-4 c.c. respectively. 
The reaction, if any, after 24 hours’ contact with iodine is thus 
so small as to warrant the accuracy of the method described below 
of estimating mixtures of alkali- and azo-sulphites. 

Determination of Azo-sulphite Formation.—The purified anhydrous 
azo-compounds were dissolved in boiled-out water and made up to 
M /40-solutions, 20 c.c. thus being equivalent to 10c.c. of N /10-sulphur- 
ousacid. To 20c.c. of each dye solution were added first the desired 
volume of NV /10-sodium hydroxide, then water (to make up eventually 
to 50 c.c.), and finally the sulphurous acid, the solution thus being 
N/50 as regards both azo-compound and sulphite. The reaction 
mixtures were contained in stoppered tubes of slightly greater 
capacity, to reduce air-oxidation of the sulphur dioxide to the 
minimum. After remaining 2 hours in a water-bath at 25°, the 
contents of the tube were washed out into excess of acidified iodine 
solution, which was thereafter titrated with thiosulphate. The 
highly coloured solutions necessitated the use of starch as indicator. 
The end-point was very sharp. 

Preparation of the Sulphurous Acid Solution.—In the initial 
experiments concordant results could not be obtained owing to the 
changing strength of the sulphurous acid and simultaneous form- 
ation of free sulphuric acid, each of which changed the SO,/NaOH 
ratio and thus greatly affected the rate of reaction. To obviate 


this, a Winchester filled with boiled-out water was allowed to cool 
4U 
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with wash-bottles of alkaline pyrogallol attached, and sulphur 
dioxide from a syphon was passed in to give an approximately 
N/10-solution. A self-filling burette was fitted so that air entering 
by displacement was deprived of oxygen by alkaline pyrogallol; 
the absorption bottles were cut off except during the running off 
from the burette, to avoid any loss of sulphur dioxide from the 
inside atmosphere by absorption in the pyrogallol. This solution 
remained practically constant in strength throughout the whole 
series of analyses. It gave a normality of 0-1423 as sulphurous 
acid, and 0-1444 as total sulphur, estimated as barium sulphate, 
the free sulphuric acid present thus involving the small correction 
of 0-15 c.c. to the calculated volumes of N/10-sodium hydroxide 
added. 


Tabulated Results. 
C.c. of 0-103N-NaOH 


added (expressed as SO, combined (c.c. of N/10-soln.). 
c.c. of N/10-NaOH Fm 
and corrected). A. B. C. D. 
— (—0-05) (—0-03) 0-05 0-10 
3-97 (—0-15) 0 0-07 0-13 
4-86 0-35 0-78 0-37 0-16 
5-21 0-55 1-81 1-90 1-0 
5-62 1-10 3°58 5-05 2-5 
6-03 1-65 4-68 5-50 3-79 
6-44 2-20 5-38 5-65 4-20 
7-06 3-00 5-60 5-35 4-65 
7:47 — 5-24 =e _ 
7-88 3-00 4-43 3°65 4-05 
8-50 2-70 3°43 2-30 2-75 
9-12 1-60 2-43 1-25 1-30 
9-86 0-45 1-46 0-70 0-45 
10-66 0 0-73 0-20 0-2 


The percentage of sulphur dioxide combined is obtained by multiplying 
the number of c.c. of N/10-solution by 10. 


The curves plotted from these values are shown in Fig. 1. The 
values for sulphurous acid have been disregarded, since even after 
24 hours no reaction could be detected with certainty; also no 
correction has been made for any loss of sulphurous acid by oxid- 
ation, blank determinations having shown that the loss during 
2 hours, although increasing slightly with alkalinity, involved no 
serious error. 

Reaction with Fast Acid Blue RH.—In this case, the deep blue 
colour obscures the colour change of starch in the solution, but by 
using starch as external indicator the end-point can be determined 
with fair precision. 

The following results were obtained, the same quantities of dye 
and sulphurous acid being used as before, for a 2 hours’ period of 
reaction (see Fig. 2) : 
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N/10-H,SO, % SO, N/10-NaOH % SO, 
added (c.c.). combined. added (c.c.). combined. 
5 14-2 3 29-5 
2 14-5 3:98 21-0 
4:86 6-0 
H,SO, alone. 20-0 5-21 5-0 
N /10-NaOH 5-62 3-5 
added (c.c.). 6-03 3-0 
1 22:0 7:06 2-3 
2 26-5 8-1 2°3 
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CCCXLIX.—The Relative Directive Powers of Groups of 
the Forms RO and RR’N in Aromatic Substitution. 
Part VIII. The Nitration of 4-n-Butoxyanisole. 


By JoHN CLARKE, ROBERT ROBINSON, and JoHN CHARLES SMITH. 


A stupy of the nitration of 2-alkyloxyanisoles (Part I, Allan and 
Robinson, J., 1926, 376) showed that the directive powers of some 
alkyloxy-groups are in the order EtO >n-PrO >n-BuO> MeO, whilst 
in the nitration of 4-alkyloxyanisoles the order found was n-PrO> 
EtO>MeO (Part III, Robinson and Smith, J., 1926, 392). We 
have now determined the directive power of the n-butoxy-group in 
the quinol series and it is appreciably greater (186) than that of the 
n-propoxy-group (180). In view of the high yields obtained in the 
nitrations, the fact that only two monosubstituted derivatives are 
possible, and the precautions observed in applying the method of 
thermal analysis, we have little doubt that this difference is real 
and lies beyond the limits of experimental error. The small fall 
in the directive powers in the pyrocatechol series in passing from 
n-PrO (128) to n-BuO (123) and the small corresponding rise (180— 
186) in the quinol series may now be disregarded, if desired, in 
favour of a comparison of EtO and n-BuO in both series. In the 
pyrocatechol series, we find EtO = 135 and n-BuO = 123, and in 
the quinol series, EtO = 163 and n-BuO = 186. A theoretical 
explanation embracing these phenomena was advanced in Part IV 
of this investigation (Allan, Oxford, Robinson, and Smith, J., 1926, 
402), and the result for n-BuO is in agreement with its requirements. 


EXPERIMENTAL. 
Purification of Materials——The methyl alcohol was free from 


acetone and distilled completely within 0-1°. The acetic acid was 
distilled and repeatedly frozen until the m. p. was 15-8—16-0°. 
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Pure nitric acid of constant b. p. was distilled (d 1-41). A good 
specimen of n-butyl alcohol was washed with dilute sulphuric acid 
and sodium bisulphite solution, and then boiled for 1-5 hours with 
20% aqueous sodium hydroxide; it was separated, dried with 
potassium carbonate, and later with barium oxide. On distillation 
through an efficient column, a fraction, b. p. 117-6°/760 mm., 
d° 0-8056, was obtained (Brunel, Creashaw, and Tobin, J. Amer. 
Chem. Soc., 1921, 43, 561, give b. p. 117-71°/760 mm. and d* 
0-8057). This specimen was unchanged by further attempted 
purification, as mentioned below, and was employed in our work. 
The alcohol was converted into n-butyl salicylate and subsequently 
treated as described by Orton and Jones (J., 1919, 145, 1198); 
the recovered material had b. p. 117-6°/762 mm. and d?*’ 0-8056; 
d 0-8094; di? 0-8132; dif? 0-8141. A second portion was con- 
verted into n-butyl gallate, which crystallised readily from toluene 
in needles, m. p. 143—144° (Found: C, 58-3; H, 6-2. Cale. for 
C,,H,,0;: C, 58-4; H, 6-2%). Subsequent to the completion of 
our work, we found that n-butyl gallate had been described by 
Christiansen (J. Amer. Chem. Soc., 1926, 48, 1358), who gives the 
m. p. 133—134°. This derivative was hydrolysed by means of 
aqueous sodium hydroxide in an atmosphere of hydrogen, and the 
recovered alcohol had b. p. 117-5°/760 mm., d? 0:8094. Com- 
mercial n-butyl alcohol (600 c.c.) esterified with gallic acid (250 g.) 
gave about 200 g. of the ester, m. p. 141—143°, and after one 
crystallisation from toluene the m. p. was 142—144°. The alcohol 
obtained on hydrolysis all distilled at 117-9—118-1°/769 mm. 
(117-6—117-8°/760 mm.) and had d# 0-8099. This experiment 
seemed to show that the process of purification we contemplated 
was satisfactory, but it cannot be trusted in all circumstances, as 
the following observations clearly proved. In the first place, a 
mixture of -propyl and n-butyl alcohols was esterified with gallic 
acid and the ester isolated had m. p. 148—149°, or by a different 
method, m. p. 150—151°. Recrystallisation from toluene gave a 
crop, m. p. 152—153°, and another, m. p. 151—153°. We then 
prepared n-propy] gallate, m. p. 147—148° (see below), and found 
that a mixture of equal quantities of n-propyl and n-butyl gallates, 
mixed dry, had m. p. 152—154°, with no sign of sintering at 143° 
or 147°. On cooling, the liquid crystallised at 145°; it then fused 
again at 152—154°. This is, therefore, an addition to the small 
number of recorded cases of binary mixtures that melt at a higher 
temperature than either of the components. 

n-Butyl bromide was prepared by the method of Kamm and 
Marvel (J. Amer. Chem. Soc., 1920, 42, 299) and had b. p. 101-2°/759 
mm., d'*° 1-2764. 
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n-Propyl Gallate-—A mixture of propy! alcohol (50 c.c.), sulphuric 
acid (1 c.c.), and gallic acid (17 g.) was boiled under reflux for 4 hours 
(in the case of n-butyl gallate, the period of heating should not 
exceed 3 hours) and then concentrated somewhat by distillation 
under diminished pressure. The residue crystallised, and was 
thoroughly washed with water and dried at 80°. The almost 
colourless crystals were practically pure and the substance crystal- 
lised from water in long needles, m. p. 147—148° (Found: C, 56-7; 
H, 5:7. C,)H,.0; requires C, 56-6; H, 5-7%). This ester is rather 
more readily soluble in water than is n-butyl gallate, whilst it is the 
more sparingly soluble of the two in toluene. 

2-Nitro-4-n-butoxyanisole.—Potassium (3-9 g.) was dissolved in 
methyl alcohol (100 c.c.), and after the successive introduction of 
3-nitro-4-methoxyphenol (16-9 g.) (Part III, loc. cit.) and n-butyl 
bromide (15 c.c.), the mixture was refluxed for 3 hours; as the 
colour was still red, a further 5 c.c. of butyl bromide were added 
and the boiling was continued for 2 hours. The greater part of the 
solvent was removed by distillation under diminished pressure, and 
an ethereal solution of the residue was twice washed with aqueous 
sodium carbonate, thrice with water, and then dried. After removal 
of the ether, the yellow oil distilled at 143°/1 mm. and had f. p. 12-4°, 
m. p. 12-5° (yield, 17 g. or 76%). After one recrystallisation from 
methyl alcohol at — 15° (the filter was cooled by a jacket con- 
taining a mixture of solid carbon dioxide and ether) and removal 
of the adherent solvent at 110° in a vacuum, the values observed 
were: f. p. 13-1°, m. p. 13-25°, njj* 1-5382 (Found: C, 58-6; H, 
6-7. C,,H,,0,N requires C, 58-7; H, 6-7%). The f. p. and m. p. 
were not raised by a further recrystallisation. A second preparation 
(yield, 81%) had f. p. 12-6°, m. p. 12-7°, raised on recrystallisation 
tc the constant values 13-15° and 13-20°, respectively; njj* 1-5382. 

3-Nitro-4-n-butoxyanisole—A solution of potassium (7°8 g., 
0-92 mol.) in n-butyl alcohol (100 c.c.) and 2-nitro-4-methoxyphenol 
(33-8 g., 1 mol.) (Part III, loc. cit.) were mixed, and after the addition 
of n-butyl bromide (21 c.c.) the mixture was refluxed for 20 hours 
with the gradual further addition of m-butyl bromide (29 c.c.). 
After cooling, the brown liquid was decanted from the potassium 
bromide, which was washed with a little butyl alcohol, and the 
solvent completely removed by distillation under diminished 
pressure. An ethereal solution of the residue was washed with 
aqueous sodium carbonate and water, then dried and distilled. A 
pale yellow oil (18-75 g.), b. p. 137°/1 mm., was obtained and 
2-nitro-4-methoxyphenol (11-5 g.) was recovered from the alkaline 
extracts. A second preparation on half the scale gave a rather 
larger yield (53° calculated on the potassium) of an identical 
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product, and both specimens, after being crystallised thrice from 
methyl alcohol at — 50°, gave long, yellow needles, which, after 
separation and complete removal of adhering solvent at 110° in a 
vacuum, had m. p. — 9-7°, nif” 1-5358 (Found: C, 58-6; H, 6:8. 
C,,H,;0,N requires C, 58-7; H, 6-7%). The m. p.’s were deter- 
mined as follows: the substance in a tube was cooled to — 20° and 
stirred until crystallisation began; it was then placed in an air. 
jacket fitted into a transparent Dewar vessel containing brine at 
— 12°. While the cold bath was stirred occasionally and the nitro- 
compound regularly (and vigorously on account of the viscosity of 
the material), the temperature gradually rose until the thermometer 
in the nitro-compound registered — 9-7° and remained steady for 
some minutes. 

Mixtures of 3-Nitro-4-n-butoxyanisole and 2-Nitro-4-n-butoxy- 
anisole.—The mixtures were rather viscous below 0°, and reproducible 
values could only be obtained over the composition range given 
below. It was found that characteristic values could best be 
assigned by taking the mean of the f. p. and m. p. of each mixture. 
A series of 4—6 determinations was made in each case as in the 
example : Composition, 94:3°% of 2-nitro-4-n-butoxyanisole ; f. p.’s, 
11-40°, 11-30°, 11-35°, 11-40°; m. p.’s, 11-50°, 11-50°, 11-45°, 11-45°; 
mean, 11-42°. It was found necessary to eliminate water from the 
mixtures every 2—3 hours and also after any operation involving 
dismantling. The water did not actually depress the f. p.’s, but it 
retarded crystallisation. It was evaporated at 110°/20 mm. in a 
stream of dry air introduced through a fine tube; care was taken 
not to lose any of the material adhering to this tube or to the silver 
wire stirrer and thermometer—during temporary removal, these 
details were protected from dust. For the determination of the 
f. p.’s and m. p.’s, the apparatus mentioned above was employed ; 
the temperature of the bath in the Dewar vessel could be raised or 
lowered by admission of water at different temperatures from 
reservoirs. In the first place, the m. p. was roughly determined 
while the bath was kept at a temperature 0-5—1° lower than that 
of the nitro-compound. The tube was then removed from the air- 
jacket and allowed to warm until almost all the solid had melted ; 
it was then cooled to 2° below the m. p. and stirred to initiate 
crystallisation. After the tube was replaced in the apparatus, the 
bath was kept at 1° below the m. p., and the f. p. determined. As 
a rule, the temperature remained constant for some minutes. The 
temperature of the bath was then raised to about 0-5° below the 
f. p. and stirring continued, so that heat might enter and cause 
the mixture to melt. In this way, the temperature of the mixture 
usually rose 0-1—0-15° and remained steady at the m. p. until 


POWERS OF GROUPS OF THE FORMS RO AND RR'N, ETC. 2651 


almost all the solid had disappeared; a sudden rise supervened. 
The following f. p.—m. p. means were determined, the first number 
of each pair indicating the % of the 2-nitro-isomeride in the mixture : 
100, 13-20°; 94-3, 11-42°; 86-4, 9-12°; 82-65, 7-88°; 79-58, 6-95°; 
77-08, 6-00°; 73-77, 490°; 71-94, 409°; 69-06, 3-00°. The corre- 
sponding graph is a smooth curve. 

4-n-Butoxyanisole.-—Pure quinol monomethyl ether (6-2 g.) was 
added to a solution of sodium n-butoxide (from 1-15 g. of sodium) 
in n-butyl alcohol (30 c.c.), and after the introduction of n-butyl 
bromide (6-5 c.c.) the mixture was refluxed for 2 hours. After 
removal of the solvent at 50-—70° in a vacuum, the product was 
steam-distilled and crystallised in contact with ice-water (yield, 
7-6 g. or 85%). The substance crystallised from methyl alcohol 
containing a little water in large, pearly plates, m. p. 24-5—25-5° 
(Found: C, 73-4; H, 9-1. C,,H,,0, requires C, 73-3; H, 8-9%). 
This ether was also satjsfactorily obtained by the use of sodium 
methoxide in acetone solution. 

Nitration of 4-n-Butoxyanisole.—4-n-Butoxyanisole (2-0 g.), dis- 
solved in acetic acid (4 ¢.c.), was nitrated by means of nitric acid 
(1:03 g.) in acetic acid (1 ¢.c.), and the product isolated as in the 
case of the nitration of 4-n-propoxyanisole (Part III, loc. cit.). 
The products were, however, washed with sodium carbonate instead 
of with the bicarbonate in order to avoid effervescence; yields, 
(a) 96-4%, (b) 97-2%, (e) 97-4% (Found: N, 6-2. Calc.: N, 62%). 
Specimens (c) and (d) were isolated without the aid of methyl 
alcohol, the washed oil being siphoned through a Pregl micro-filter 
into the freezing-point tube. Specimen (b) was orange-yellow and 
was not further examined, whilst (e) was specially prepared for 
analysis; (a), (c), (d), and (e) were clear, pure yellow oils. The 
following table displays the results; 6—8 determinations of each 
f. p. and m. p. were made. 


% of 3- 

2-Nitro- % of nitro-iso- 

Mixture isomeride 2-nitro- meride in 

Speci- taken, added, F.p. M.p. isomeride nitration 

men. g. g. (mean). (mean). Mean. indicated. product. 
(a) 1-0052 1-4758 4:72° 488° 4-80° 73:7 64-9 
1-9920 6-41 6°53 6-47 78:3 64-7 
(c) 0-5993 1-0141 5-46 5°59 5-53 75:7 65-4 
1-3133 6-82 6-98 6-90 79°6 65-1 
(d) 0-5027 0-8216 5:35 5-46 5-41 75°35 64-9 
Mean 65-0 


Hence the directive power of n-BuO is 186 (MeO = 100). 


In order to determine the effect of the process of isolation on the 
composition of the nitration product the following experiment was 
carried out. The product (d) (1-25 g.) was dissolved in acetic acid 
(3 c.c.), cooled to 0°, and a mixture of acetic acid (3 ¢.c.) and nitric 
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acid (0-7 g.) added. The concentrations of the nitro-compounds 
were then exactly half of those at the end of a normal nitration, 
and dilution and washing were carried out in the normal way. 
When the last water layer had been removed, the entire process 
was repeated; the specimen was thus subjected to a process which 
should produce four times the normal change. The weight of 
re-washed oil was 1-172 g. (loss, 6-24% or 1-6% for the normal 
process). 0-5029 G. of this with 2-nitro-4-n-butoxyanisole (0-8215 g.) 
had f. p. 537°, m. p. 5-48°, mean, 5-42°. Hence the loss is mechanical 
and involves no change in composition. 

Crystallographic Measurements—Mr. H. E. Buckley of the 
Crystallography Department of this University submits the follow- 
ing reports relating to substances described in Part III (loc. cit.). 


Fia. 1. Fia. 2. Fic. 3. 


2-Nitro-4-methoxyphenol. The crystals (Fig. 1) are of a short- 
prismatic habit and deep orange colour. Symmetry: Monoclinic 
(pseudo-orthorhombic). @:b:c = 1-:0234:1:0-5732; 6 = 90°. 
Forms developed : m(110), 7(101), 7,(101), a(100), and occasionally 
1(210), n(120), 8(320), and ¢(230). 


Angles observed. Cale. 
110—110 91° 21’ (8) —_ 
110—101 70° =’ —_ 
100—101 60° 44’ 60° 45’ 
110—320 11° 32’ ar? 3" 
110—210 18° 35’ 18° 34}’ 


Cleavage parallel to 7(101) perfect. 


Double refraction appears to be very strong, the interference 
figure being practically in the plane of cleavage 101. There is a 
slight pleochroism, varying from orange through yellow to pale green. 
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2-Nitro-4-ethoxyanisole (Fig. 2). Symmetry: Monoclinic [holo- 
hedral]. a@:6:c = 1-431:1:1-569; § = 77° 23’. Forms devel- 
oped : a = 100, c = 001, r = 101, s = 101, m = 110, and p = 111 
(infrequent). 


Angles No. 

observed. measured. Limits. Cale. 
100—001 a 6S 7 76° 58’—77° 8’ — 
100—110 53° 42’ ll 53° 35’—53° 58’ — 
101—001 35° 523’ 6 35° 48’—35° 56’ — 
101—100 41° 10’ 6 40° 59’—41° 16’ 41° 10’ 
100—101 55° 40’ 6 55° 36’—55° 47’ 55° 39’ 
110—101 70° 26’ 7 70° 14’—70° 34’ 70° 30}’ 
110—101 63° 26} ll 63° 10’—63° 44’ 63° 32’ 
110—001 82° 18’ 5 82° 6’—82° 36’ 83° 36’ 
001—111 50° 57’ 3 50° 41’—51° 15’ 51° 10’ 

2-Nitro-4-n-propoxyanisole. System: Triclinic (pinacoidal). 


a:b:c = 0-7831:1: 1-030; « = 92° 54’, 8 = 55° 32’, y = 87° 12’. 
Forms developed : a = 100, 6b = 010, c = 001, m = 110, r= 101, 
n=Oll, n, = 011, andp=111. The habit is often tabular on 
the 111 face (Fig. 3). 


Angular elements. Observed. No. measured. Limits. 

a—p (100—111) si° 3’ 4 31° O’—31° 8 
a—b (100—010) 88° 33’ 3 — 

a—c (100—001) 55° 48’ 8 55° 34’—56° 11’ 
n—p (011—111) Si° 38’ 4 31° 56’—32° 3’ 
n—b (011—010) 50° 35’ 4 50° 33’—50° 39’ 


The crystals are of considerable interest in that they exhibit 
remarkably well their anorthic optical properties. The first mean 
line, which varies a little for different colours, is nearly normal to 
111, on which the crystal is tabular, and the optic axial plane for 
the sodium yellow line is turned through practically a right angle 
from that for the mercury violet line. 

THE UNIVERSITY, MANCHESTER. [Received, August 20th, 1927.] 


CCCL.—Facile Ring-closure to a Derivative of Di- 
hydroisoquinoline contrasted with the Difficulty of 
Analogous Formation of a Derivative of isoIndole. 

By Jacques Maan and Rospert RoBINson. 


ExamPLes of the production of isoindole derivatives by a reaction 
analogous to the Bischler—-Napieralski synthesis of dihydrotso- 
quinolines have not been recorded, and our own attempts to 
dehydrate aceto- and benzo-piperonylmethylamides in accordance 
with the scheme 


CH, ss 
of \/ \NH a al ee 

H a, ° | 
CHi<p GOR 20 —CR 
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have been fruitless. Such negative results are often attributable 
to various fortuitous causes, e.g., unsuitable conditions, impure or 
too pure reagents, but, in the course of some preliminary synthetical 
experiments in the isoquinoline group of the alkaloids, we encountered 
a case free from such objections, and one that proves that the 
difficulty experienced in closing the isoindole ring is not fortuitous. 
The complex formamide (I) might give either a five-membered or a 
six-membered heterocyclic ring on dehydration, but, actually, a 
substance containing the latter is the only product of the action of 
phosphoryl chloride on the amide. The constitution of the 


O —CH ‘N-CH ‘CH = 0. 
3; 2 2 2 


quaternary ammonium salt obtained was proved by an independent 
synthesis. Interaction of methylenedioxydihydroisoquinoline and 
piperonylmethyl bromide yielded the bromide (II), which was 


CH 


\w..cn. oe 
(II.) cnc _ C,H;-0,:CH,, Br 
2 


CH, 
convertible into a picrate, pseudo-cyanide, and an anhydro-base- 
nitromethane derivative identical, each to each, with the same 
series obtained from (I). 

One of the factors controlling the direction of the ring closure 
is doubtless the field associated with the positive charge of the 
nitrogen atom, which is probably in the ammonium state under the 
conditions of the reaction. This field is evidently more intense 
over nucleus (A) than over nucleus (B), and as it should tend to 
inhibit union of the nuclear carbon with that of the -CHO group, 
itself kationoid, an adequate explanation of the formation of the 
isoquinoline derivative is forthcoming. For a similar reason, the 
formation of isoquinoline derivatives from substances of the form 
Ar-CH,°CH,"N-CO- should be more facile than from substances of 
the form Ar-CH,°N-CH,°CO:, provided that the carbonyl group has 
an approximately equal reactivity in each case. Several illustrative 
cases have been recorded (Mannich and Kuphal, Arch. Pharm., 1912, 
250, 539). 

EXPERIMENTAL. 

Piperonylmethylamine Derivatives.—Piperonylmethylamine, b. p. 
172°/50 mm., was obtained in 70% yield by the reduction of 
piperonaldoxime by means of zinc dust in boiling 50% acetic acid 
solution (Mannich and Kuphal, Ber., 1912, 45, 314). The chloro- 
platinate crystallises from much hot water in orange needles [Found : 
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Pt, 27-7. (C,H,O,N),,H,PtCl, requires Pt, 27-6%]. The picrate 
crystallises from water in yellow needles, m. p. 198°. Piperonyl- 
methyltrimethylammonium iodide, CH,0,:C,H,*CH,*"NMe,I, obtained 
by the action of an excess of methyl iodide on the base, crystallises 
from alcohol in minute, yellow prisms, m. p. 219° (decomp.) (Found : 
C, 41:0; H, 5-1; 1, 38-7. C,,H,,0O,NI requires C, 41-1; H, 5-0; I, 
39-2%). 

Benzylidenepiperonylmethylamine, CH,0,:C,H,*CH,"N:CHPh, 
readily obtained by condensation of the base with benzaldehyde, 
crystallises from aqueous alcohol in colourless needles, m. p. 51—52° 
(Found : C, 75-5; H, 5-7. C,;H,,0,N requires C, 75-3; H, 5-4%); 
its picrate crystallises from alcohol in light yellow needles, m. p. 206°. 

2-Carbomethoxyveratrylidenepiperonylmethylamine, 

CH,0,:C,H,°CH,*N:CH-C,H,(GMe),*CO,Me, 

is obtained by heating methyl opianate and piperonylmethylamine 
in molecular proportion at 150°. It crystallises from alcohol in 
flocculent masses of colourless, microscopic needles, m. p. 181° 
(Found: C, 63-2, 63-8; H, 4-8, 5-0; N, 41. ©, ,H,,O,N requires 
C, 63°38; H, 5-0; N, 41%). An interesting transformation of this 
substance occurs under the influence of sodium methoxide in hot 
methyl-alcoholic solution. The elements of methyl alcohol are 
eliminated and the neutral product crystallises from methyl alcohol 
in glistening, hexagonal prisms, capped with pyramids, m. p. 159° 
(Found: C, 66-1, 66-4; H, 49,49; N,45. C,.H,,O;N requires 
C, 66-5; H, 4-6; N, 4:3%). The most natural hypothesis is that this 
substance is 4-hydroxy-5 : 6-dimethoxy-3-piperonylisoquinoline, but its 
properties are somewhat at variance with such a view. For example, 
the action of boiling methyl iodide gives rise to an iodide, m. p. 172° 
(Found: C, 36-8, 36-3; H, 4:1, 4:0; I, 41-7; and, for instance, 
C,H,,0,NI, piperonylmethylmethylamine hydriodide, requires C, 
36-8; H, 4:1; I, 433%). Evidently the molecule has been broken 
up, and this is difficult to reconcile with the isoquinoline formulation. 
A by-product in the preparation of piperonylmethylamine is 
di(piperonylmethyl)amine, b. p. 230°/50 mm., which crystallises from 
alcohol in silky needles, m. p. 114°. The foregoing experiments 
were made by Miss B. Dobson in these laboratories in 1910. 

Acetopiperonylmethylamide crystallises from benzene in colourless 
needles, m. p. 103° (Found : C, 62:2; H, 5-3. Cj, 9H,,0,N requires 
C, 62:2; H, 5-7%). Attempts to dehydrate this substance, and 
similar trials with benzopiperonylmethylamide, m. p. 117° (Mannich 
and Kuphal, loc. cit.), by means of phosphoryl chloride, phosphoric 
anhydride, sulphuric acid, zinc chloride and stannic chloride failed, 
the amides being either recovered unchanged or converted into 
dark violet substances that could not be purified. . 
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It is relevant to mention here that the ring closure of phenacyl 
veratrate, C,H,(MeO),*CO-O-CH,°COPh, to an isocoumarin derivative 
has been unsuccessfully attempted. The ester is obtained in good 
yield by the interaction of «-bromoacetophenone and silver veratrate 
in boiling alcoholic solution. It crystallises from alcohol in well- 
defined, elongated prisms, m. p. 122° (Found: C, 68-0; H, 5-4. 
C,,H,,0; requires C, 68-0; H, 5-3%). 

Piperonylmethyl-8-piperonylethylamine, 

CH,0,:C,H,°CH,"NH-CH,°CH,°C,H,-0,:CH,. 

—A warm solution of piperonylidene-8-piperonylethylamine (22 g.) 
(Decker and Becker, Annalen, 1913, 395, 342) in absolute alcohol 
(500 c.c.) was added as quickly as possible through a long reflux 
condenser to sodium (35 g.) in a flask immersed in an oil-bath at 140°. 
When all the sodium had passed into solution, the mixture was cooled 
and added to water (2000 c.c.). On keeping, colourless crystals 
separated (15 g.). The base crystallises from light petroleum (b. p. 
40—60°) in needles, m. p. 53° (Found : C, 68-0; H, 5-7. C,,H,,0,N 
requires C, 68-2; H, 5-7%). It is readily soluble in alcohol or 
benzene. The hydrochloride is very sparingly soluble in dilute 
hydrochloric acid and crystallises from much boiling water in 
flocculent masses of colourless needles. The nittroso-derivative, 
obtained in the usual way, crystallised from alcohol in clusters of 
minute, colourless needles, m. p. 127—128°. The dinitro-derivative, 
prepared in acetic acid solution, crystallised from alcohol in colour- 
less, diamond-shaped plates, m. p. 134—135°. The N-formyl 
derivative was obtained by refluxing (oil-bath at 180°) a mixture 
of the base (5 g.) and anhydrous formic acid (25 c.c.) for 2 days. 
The emulsion obtained on the addition of water resolved into 
crystals and the solid was purified by trituration with dilute acetic 
acid (yield, 70%). The substance, which is readily soluble in most 
organic solvents, crystallised with difficulty from light petroleum 
in colourless, microscopic prisms, m. p. 89—90° (Found: C, 65:8; 
H, 5-3. C,,H,,0;N requires C, 66-0; H, 5-2%). 

6 : 7-Methylenedioxy-2-piperonylmethyl-3 : 4-dihydroisoquinolinium 
Picrate and Bromide (I1).—(A). A mixture of formopiperonyl- 
methyl-8-piperonylethylamide (5 g.) and phosphoryl chloride (30 g.) 
was heated on the steam-bath for 20 minutes and then added to 
crushed ice. Picric acid (4 g.) was added to the filtered solution 
and the pasty, yellow mass of the picrate was collected and obtained 
crystalline by rubbing under alcohol. The derivative crystallised 
from boiling acetone in microscopic, transparent, yellow rhombs, 
m. p. 184—185° (yield, 7-2 g.) (Found: C, 53-4; H, 3-4; N, 10-5. 
C,H, ,0,,N, requires C, 53-5; H, 3-3; N, 10-4%). (B). Solutions 
of 6: 7-methylenedioxy-3 : 4-dihydroisoquinoline (3-5 g.) and of 


a ltd ket ll tlC(iC H}hlUCc == CF BF, 2 Ci! 
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piperonylmethyl bromide (4:4 g.) in benzene (20 c.c. each) were 
mixed and then heated for 10 minutes on the steam-bath. The 
yellow crystals (6-8 g.) deposited on cooling separated from alcohol 
in minute, yellow needles, m. p. 230° (Found: Br, 21-0, 20-4. 
C,gH,,0,NBr requires Br, 20:5%). The salt is sparingly soluble in 
water, more readily in alcohol, giving pale yellow solutions exhibiting 
a blue fluorescence. The addition of picric acid to an alcoholic 
solution gave the picrate, m. p. 184—185°, which was identified 
by direct comparison with the product obtained in (A). 

6 : 7-Methylenedioxy-1-nitromethyl - 2 - piperonylmethyl-1 : 2:3: 4- 
tetrahydroisoguinoline, 
CH:-CH,°NO, 

— ‘C,H,-0,:CH 


H, (IIT.) 


—The carbinol from 6 g. of the above-described bromide was 
extracted with ether, the extract dried with potassium carbonate, 
and the solvent removed. All these operations should be con- 
ducted expeditiously. The residue was dissolved in alcohol (20 c.c.), 
and nitromethane (1 g.) in alcohol (5 c.c.) introduced. After 
heating on the steam-bath for a few minutes, the mixture was 
cooled; the crystals that separated were obtained, after three 
recrystallisations from alcohol, in short, colourless prisms, m. p. 
124—125° (Found: C, 61-5; H, 4-9. C,,H,,0O,N, requires C, 61-6; 
H, 4.9%). The picrate was similarly treated and gave the same 
derivative with nitromethane; a mixture of the two specimens 
had m. p. 124—125°. 

6 : 7- Methylenedioxy - 1 -cyano-2 - piperonylmethyl-1 : 2 : 3 : 4-tetra- 
hydroisoquinoline (III with CN instead of CH,° 0). Whee 
potassium cyanide is added to an aqueous solution of the bromide 
or of the chloride (derived from the picrate by addition of dilute 
hydrochloric acid and removal of the picric acid with ether), a 
curdy, white precipitate is thrown down: this rapidly becomes 
crystalline. The substance crystallises from alcohol in hexagonal 
plates, m. p. 151° (Found: C, 67-8; H, 4-8. C,)9H,,0,N, requires 
C, 67-9; H, 4-8%), and has the properties of a pseudo-cyanide. It 
is insoluble in cold 7% sulphuric acid and, on warming, a yellow 
solution is obtained and hydrogen cyanide liberated. It dissolves 
in concentrated hydrochloric acid to a colourless solution and after 
dilution the unchanged base may be precipitated by ammonia 
On heating, however, a yellow solution is obtained. 


CH, <? 


THE UNIVERSITY, MANCHESTER. [Received, July 26th, 1927.] 


2658 MARSH AND STRUTHERS : 


\ 


CCCLI.—Mercury Derivatives of Acetic Acid. 


By James Ernest Marsh and ROBERT DE JERSEY FLEMING 
STRUTHERS. 


As is well known, some metallic acetates on being heated break up 
into acetone and the carbonate of the metal, whilst others, such as 
those of copper, silver and mercury, give no acetone but pure acetic 
acid. At about 170—180° mercuric acetate forms a well-defined, 
intermediate compound which was first described, but not analysed, 
by F. Stromeyer in 1809 (Géttingen Comment., I, 1808-1811, “ De 
Connubio Hydrargyri cum Acido Acetico.” The short paragraph 
referred to was translated in Gmelin’s “ Handbook’’). The com- 
pound has the composition represented by the formula C,H,O,Hg (1) 
(Found: Hg, 77-2; C,9-1; H,0-9. Cale.: Hg, 77-6; C, 9-3; H, 
0-7%). 

Compounds of the composition C,H,O,Hg, and in some cases 
probably identical with Stromeyer’s, have been obtained. Sand and 
Singer (Ber., 1903, 36, 3707), by heating dry mercuric acetate with 
acetic anhydride, obtained a compound to which they gave the 


constitution (CyH,0;Hg),C<ppo>0. 


Schrauth and Schoeller (Ber., 1908, 44, 2090) obtained from 
mercurimalonic acid a compound to which they gave the formula 


CHi<he O and the name “ oxyquecksilber essigsaure anhydrid.” 


The properties of this compound as described by them differ con- 
siderably from those of Stromeyer’s substance. Biilmann and Witt 
(Ber., 1909, 42, 2067) throw doubt on the production of this sub- 
stance from mercurimalonic acid. ; 

A substituted mercuriacetic acid of a different kind, to which he 
gave the formula HO-Hg:C(:Hg)-CO,M, was obtained by K. A. Hoff- 
mann (Ber., 1899, 32, 875) by heating mercuric oxide with sodium 
acetate in concentrated alkaline solution. 

Stromeyer gave no name to his compound, which was probably 
the first organo-metallic compound to be discovered. We suggest 
the name mercuretin. We have found that mercuretin is formed in 
other ways than by Stromeyer’s method. It gradually separates 
(Found: Hg, 77-4; C, 8:9; H, 0-9%) when mercuric acetate is 
boiled with glacial acetic acid, and it is formed completely and at 
once on addition of acetic anhydride to such a solution (Found : 
Hg, 77:2; C, 92; H, 0-7%). It is known that the reaction is 
complete when a sample dissolves completely in sodium hydroxide 
solution without any yellow precipitate of mercuric oxide. 
Mercurous acetate, which is generally present in mercuretin prepared 
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by either of these methods or by Stromeyer’s, is easily removed by 
boiling water. The purified mercuretin remains white when 
treated with ammonia and gives a clear solution with sodium 
hydroxide. The formation of mercurous acetate is avoided by 
keeping the temperature as low as possible during the early stages 
of the reaction, and also when the conversion is carried out in a 
sealed tube at 190°; no permanent gas is given off in the latter 
circumstance. 

Mercuretin is not soluble in water, but it slowly dissolves with some 
decomposition in boiling glacial acetic acid. On cooling, crystals are 
obtained different from the original substance; the composition 
corresponds with the formula C,,H,,0,.Hg,; (II) (Found: Hg, 74-5; 
C, 10-4; H, 10. Cale.: Hg, 74-6: C, 10-7; H, 10%) and the 
structure may be represented by the formula 

Hg[C(C,H,0,Hg),"CO,H],. 

When mercuric acetate is heated with sodium acetate a different 
condensation occurs. The insoluble substance, after being washed 
free from sodium acetate and mercurous acetate, has the composition 
C,H,O;Hg, (III) (Found: Hg, 81-2; C, 63; H, 0-5. Cale.: Hg, 
82:0; C, 6-3; H,0-5%). The formation and probable structure of 
this compound can be explained by supposing that the sodium 
acetate is attacked by the mercuric acetate with the formation of 
Hg[CH(CO,H)-HgC,H,O,Na], and this compound by the action of 

Hg-CH-CO,H 
water gives 2NaC,H,O, and Hg , 
Hg’CH:CO,H 

Mercuric acetate condenses with lead acetate to give a compound 
completely soluble in sodium hydroxide. The condensation of the 
two salts may also be brought about by the addition of acetic 
anhydride to a boiling solution of the two salts in glacial acetic acid. 
The product remains dissolved in the acetic acid and is obtained by 
evaporation. Mercuric oxide (2 mols.) also condenses with lead 
acetate with elimination of water (2 mols.). 

Action of Nitric Acid.—Mercuretin dissolves readily and without 
oxidation in warm nitric acid (d 1-4). Crystals are dbtained on 
cooling which, after being washed with nitric acid and dried, have 
very nearly the composition represented by the mixture 

(HgNO,),C-CO,H + (HgNO,),CH’CO,H (IV) 
(Found: Hg, 69-9; C, 3:2; H, 0-4; N, 53. Cale.: Hg, 70-2; 
C, 3-2; H, 0-2; N, 49%). 

If the solution in nitric acid is poured into water a substance is 
precipitated which, after being washed with water and dried, has 
the composition represented by the formula Hg,(NO,),C,O, (V) 
(Found: Hg, 80-2; C, 4:1; H, 0:3; N, 2-2. Cale.: Hg, 80-9; 
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C, 39; N, 2-2%). The formation of this compound is readily 
explained by loss of nitric acid from the substances in solution : 


Hg-0-CO 

(NO,Hg),C:CO,H — SHO, ost é 
Ne Ss Hg *“HgNO 
(NO,Hg),CH-CO,H 3 eveets : 3 


Another nitrate was made by boiling a solution of mercuric 
nitrate in glacial acetic acid. The conversion was complete when 
a sample dissolved in excess of sodium hydroxide solution without 
any precipitation of mercuric oxide. The substance crystallised on 
cooling and had the composition represented by the formula 
Hg;(NO,),C,H,O, (VI) (Found: Hg, 73-8; C, 3-4; H, 0-3; N, 3:8. 
Cale.: Hg, 73-4; C,3-5; H,0-15; N,4:1%). We suggest for it the 
structure Hg[C(HgNO,),°CO,H],. 

Action of Ammonia.—Mercuretin is soluble neither in ammonia 
nor in ammonium acetate, but it dissolves easily in a mixture of 
the two. On evaporation a nearly white powder is obtained which 
is not soluble in water but is easily dissolved by an aqueous solution 
of ammonium acetate andammonia. After being washed with water 
and dried, the substance had the composition represented by the 
formula C,H;,O,NHg, (VII) (Found: Hg, 83-1; C, 6-0; H, 0-7; 
N, 13. Cale.: Hg, 84:0; C, 60; H, 0-4; N, 12%). This 
compound may be represented as formed by the replacement of two 
C,H,0, groups in Hg.C,,H4 9049 by the group NH. 

Conclusion.—We think that Stromeyer’s compound, which we 
have called mercuretin, has the molecular formula C,,H,,0,)Hg;. 
In support of this view, we have the persistence of five mercury 
atoms in the two nitric acid derivatives (V and VI), in the compound 
(II), and in the ammonia derivative (VII). The removal of some of 
the acetic groups by nitric acid and the easy removal of two acetic 
groups by the action of ammonia indicate that two of the five 
acetic groups are much less firmly held than the other three. Thus 
the formula C,H,O,Hg,(HgC,H,0,), is indicated. We suggest for 
mercuretin accordingly the structure 


ys ee Hg-C,H,0, 


/ H—Hg—CH,. 
oT Rn 
O,H 


and this structure explains readily the simple relationship between 
mercuretin and substance II, and also its feebly acid nature. 


University Museum, OxXForRD. [Received, September 13th, 1927.] 


wo 


